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CHAPTEE  X. 

SOME  A  PRIORI  ARGUMENTS  AGAINST  THE  GREAT  ICE  AGE. 

'*  In  hoc  genere  et  natural!  et  honesto  duo  vitia  viianda  sunt :  unum,  ne 
incognita  pro  oognitis  habeamus  iisque  temere  assentiamus ;  quod  vitium 
effugere  qui  volet  (omnes  autem  velle  debent,)  adhibebit  ad  considerandas  res 
et  tempus  et  dUigentiam,"  etc. — Cicero,  Offic.f  i.,  6. 

In  the  preceding  volmne  I  have  endeavoured  to  analyse, 
with  such  fairness  and  skill  as  I  am  capable  of,  the  problem 
of  the  origin  and  cause  of  the  surface  features  of  the  earth* 
I  have  tried  to  show  that  the  view  current  among  orthodox 
geologists  is  an  impossible  one,  and  that  these  surface  features, 
are  not  only  to  a  very  slight  extent  due  to  erosion  and  denu- 
dation  by  subaerial  agencies  or  by  rivers  and  the  sea,  but  are 
largely  due  to  movements  of  the  earth's  crust,  caused  either 
by  its  shrinkage  when  cooling  or  by  more  positive  and  aggres* 
sive  forces  which  have  induced  local  phenomena  of  a  marked 
kind.  To  the  action  of  subterranean  forces  I  have  assigned 
the  formation  of  mountains  and  valleys,  of  fiords  and  lakes, 
thus  following  in  the  footsteps  of  my  masters,  the  geologists  of 
a  former  generation,  and  have  assigned  to  erosion  and  diurnal 
denudation  the  poUshing  or  smoothing  or  rounding  of  a  mere 
surface  cuticle  of  the  soUd  ground  in  certain  places,  and  the 
deposit  upon  it  in  others  of  sheets  and  mantles  of  gravel, 
sand  and  clay. 

My  purpose  in  analysing  this  problem  has  not  been  entirely 
to  join  issue  with  the  current  theories  in  regard  to  denudation 
adopted  by  the  Huttonian  and  Lyellian  school  of  geologists, 
but  also  to  advance  my  arguments  against  the  glacial  theory. 

In  the  earlier  chapters  of  this  book  I  tried   to  analyse 

the  various  theories  which  have  been  current  to  account  for 

an   ice  age,  and   I  have  ventured   to   conclude   that  with 

one  exception  they  have  ceased  greatly  to  interest  geologists, 
II.  I 
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since  they  have  all  been  shown  to  be  inconsistent  with  the 
laws  of  matter  or  force,  and  to  involve  impossibilities  of  logic, 
of  mathematics  or  of  mechanics,  or  to  be  based  on  quite 
impossible  and  transcendental  premises. 

The  one  theory  which  still  has  a  respectable  following,  not 
in  this  country  nor  on  this  side  of  the  Atlantic,  but  in  America, 
is  the  so-called  epeirogenic  theory  of  an  ice  age.  It  is  based  on 
a  very  plausible  and  true  idea,  namely,  that  the  low  tempera- 
ture of  high  latitudes  is  very  largely  caused  by  and  dependent 
upon  the  high  level  of  the  land  there,  and  if  we  could  secure 
a  suflSciently  elevated  mass  of  land  in  high  latitudes  in  so- 
called  glacial  times  we  should  have  done  a  good  deal  to  explain 
the  glacial  theory. 

It  has  been  a  real  initial  diflBculty  to  any  theory  of  the 
kind  that  the  notion  which  commended  itself  to  Agassiz, 
Torell  and  other  early  champions  of  the  glacial  nightmare 
that  the  ice  of  the  glacial  period  culminated  in  the  Arctic 
regions  is  no  longer  tenable.  From  all  sides  comes  the 
information,  and  I  have  already  set  it  out  in  an  earlier  chapter, 
that  the  notion  of  polar  ice-caps  or  of  a  culmination  of  ice  at 
or  near  the  poles  is  quite  out  of  the  question,  since  the  course 
of  both  the  boulders  and  the  striae  that  are  supposed  to  attest 
the  handiwork  of  the  ice  in  glacial  times  is  northwards 
towards  the  pole  in  Norway  and  Finland  and  in  North 
America,  which  it  could  not  have  been  if  the  culmination 
of  the  ice  had  been  there.  We  must,  therefore,  exclude  the 
poles  as  the  culminating  points  of  the  ice  in  the  ice  age. 

The  critical  foci  of  the  ice  movements,  from  which  it  must 
have  started  and  spread,  must  assuredly  have  been  the  points 
from  which  the  drifts  of  the  boulders  and  the  direction  of  the 
striae  diverge.  It  is  there,  therefore,  as  I  have  said,  that  the 
supposed  ice-sheets  must  have  culminated  so  as  to  give  an 
impulse  to  the  movement  of  the  mass  of  ice,  for  no  one 
believes  now  that  without  some  impulse  of  some  kind  the 
ice  could  move  at  all. 

In  the  northern  hemisphere  the  main  centres  and  foci  of 
the  phenomena  are — in  Europe  the  comparatively  low  lands  of 
Northern  Sweden,  Dalecarlia,  etc.,  and  of  Scotland  ;  in  North 
America  the  uplands  of  Labrador,  and  in  South  America  the 
southern  extremity  of  the  great  Cordillera. 
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If  the  epeirogenic  theory,  therefore,  affords  a  vera  causa  of 
an  ice  age,  it  is  in  very  high  latitudes  that  we  must  search  for 
evidence  of  much  greater  elevation  of  the  soil  in  former  times 
and  of  much  greater  precipitation.  It  is  a  grave  diflSculty  in 
the  way  of  such  a  theory  that  the  direct  evidence  of  epeirogenic 
movements  in  these  districts  in  both  hemispheres  is  wanting. 
In  the  very  first  paper  I  ever  wrote,  which  was  afterwards  in- 
corporated in  the  Arctic  Manual,  I  ventured  to  argue  (and  I 
think  I  showed)  that  wherever  we  can  apply  tests  the  land  in 
high  latitudes  is,  except  in  very  limited  localities,  rising  and 
not  sinking.  Any  areas  of  sinking  which  have  been  traced 
there  are  very  local,  whereas  when  we  examine  Greenland 
or  Spitzbergen  or  Norway  or  North  America  or  Scotland  the 
raised  beaches,  the  bones  of  stranded  whales,  the  drift  wood 
and  the  stratified  sands,  etc.,  at  high  levels  offer  one  con- 
sistent story,  namely,  that  not  only  has  the  land  risen  since 
so-called  glacial  times,  but  it  has  continuously  risen  and  with- 
out intervals  of  sinking,  so  that  if  we  are  to  follow  evidence  and 
not  conjecture,  we  can  hardly  doubt  that  the  level  of  the  land 
was  much  lower  in  former  times  in  high  latitudes  than  it 
is  now,  and  by  former  times  I  mean  before  and  during  the 
deposition  of  the  drift. 

Prof.  James  Geikie  has  always  been  a  determined  oppo- 
nent of  the  epeirogenic  theory  of  an  ice  age.  He  does  not 
dispute  that  the  elevation  of  the  land  in  higher  latitudes 
would  increase  the  severity  of  the  climate.  He  says :  *'  Far 
above  our  heads  at  a  less  or  greater  elevation,  according  to 
latitude,  an  Arctic  climate  prevails.  One  cannot  doubt,  there- 
fore, that  if  a  land  surface  were  only  suflBciently  uplifted  it 
would  reach  the  snow  line  and  become  more  or  less  extensively 
glaciated  ;  but,"  he  continues,  "  I  have  never  been  able  to  meet 
with  any  evidence  in  favour  of  the  postulated  earth  move- 
ments. Having  carefully  studied  all  that  has  been  advanced 
of  late  years  in  support  of  the  h5rpothesis  in  question,  I  find 
myself  more  than  ever  constrained  to  oppose  it ;  not  only 
because  it  is  grounded  on  no  basis  of  fact,  but  because  it 
altogether  fails  to  explain  the  conditions  that  obtained  in 
pleistocene  and  post-glacial  times."  He  then  proceeds  to 
examine  the  position  in  some  detail.  ^'It  has  been  main- 
tained," he  says,  **that  at  the  advent  of  the  glacial  period 
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vast  areas  of  Northern  and  North- Western  Europe,  together 
with  enormous  regions  in  the  corresponding  latitudes  of 
North  America,  stood  several  thousand  feet  higher  than  at 
present.  But  when  we  ask  what  evidence  can  he  adduced 
to  prove  this  we  get  no  satisfactory  reply.  We  are  simply 
informed  that  a  glacial  climate  must  have  resulted  from  great 
elevation,  and  that  the  latter,  therefore,  must  have  taken 
place  at  the  beginning  of  the  glacial  period."  He  then  refers 
to  Mr.  Upham's  arguments  based  on  the  fiords  being  sub- 
merged valleys  cut  out  during  the  former  upheaved  of  the 
land,  and  he  contends  that  these  fiords  are  of  great  geological 
antiquity  on  both  sides  of  the  Atlantic.  If  such  be  the  case 
it  is  obvious  that  the  origin  and  existence  of  the  fiords  have 
no  bearing  whatever  on  the  problem  of  the  glacial  cUmate  and 
its  cause,  and  he  argues  that  they  tell  against  and  not  in  favour 
of  Upham's  conclusion,  since  they  point  to  the  fact  that  when 
the  land  was  elevated,  as  supposed,  the  fiords  were  occupied 
by  rivers  and  not  by  glaciers.  Whatever  value  this  last  argu- 
ment may  have  in  itself — and  I  do  not  accept  it — ^it  seems  to 
me  to  be  conclusive  as  against  Mr.  Upham  and  his  friends, 
who  treat  fiords  as  valleys  of  erosion.  Mr.  Geikie  then  turns 
to  other  facts  and  says :  "  We  are  not  without  direct  evidence 
as  to  the  geographical  conditions  that  obtained  in  the  ages 
that  inmiediately  preceded  the  pleistocene  period.  The  dis- 
tribution of  the  pUocene  marine  beds  of  Britain  entitles  us  to 
assume  that  at  the  time  of  their  accumulation  our  land  did 
not  extend  quite  so  far  to  the  south  and  east  as  now.  In 
America  the  beds  on  the  same  horizon  seem  to  show  that  the 
North  American  continent  was  not  less  extensive  than  now. 
But  without  going  so  far  back  as  pliocene  times,  we  meet 
with  evidence  almost  everywhere  throughout  the  maritime 
regions  of  the  glaciated  areas  of  Europe  and  North  America 
to  show  that  immediately  before  these  tracts  became  swathed 
in  ice  (say  rather  before  the  distribution  of  the  drift — H.  H.  H.) 
the  geographical  conditions  were  much  the  same  as  at  present. 
The  presence  of  shelly  boulder  clays  in  various  parts  of  our 
islands,  and  the  similar  occurrence  of  marine  and  brackish 
water  shells  in  and  underneath  *  the  diluvium '  of  North  Ger- 
many, etc.,  prove  clearly  enough  that  just  before  the  coming  on 
of  glacial  conditions  neither  Britain  nor  the  present  maritime 
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lands  of  the  continent  were  far  removed  from  the  sea.  .  .  .  We 
are  led  to  similar  conclusions  with  regard  to  the  geographical 
conditions  of  North  America  at  that  time  from  the  occurrence 
of  marine  shells  in  the  boulder  clays  of  Canada  and  New  Eng- 
land. .  .  .  While  we  have  no  evidence  of  widespread  elevation 
having  coincided  with  glacial  conditions,  proofs  of  subsidence 
are  almost  everywhere  associated  with  the  glacisd  phenomena 
of  the  maritime  districts  of  North  America  and  Europe. 
Baised  beaches  and  marine  deposits  are  traced  on  the  coasts 
of  North  America,  from  an  elevation  of  fifty  feet  or  so  in  South 
New  England  up  to  75  to  100  feet  near  Boston  ;  of  200  feet  or 
thereabouts  in  Maine ;  of  520  feet  in  Montreal ;  of  1,500  feet 
in  Labrador,  and  of  about  1,000  to  2,000  feet  in  the  Arctic 
regions.  None  of  the  raised  beaches  of  glacial  age  met  with 
in  Europe  reaches  such  an  elevation  as  these  last,  the  highest 
being  met  with  in  Norway  at  580  feet  or  thereabouts.  Marine 
shells  occur  in  the  glacial  series  of  Scotland  at  a  height  of 
510  feet,  but  the  highest  raised  beach  of  the  period  does 
not  exceed  100  feet  in  elevation.*'  Geikie  concludes  from 
these  facts  that  considerable  submergence  of  the  land  took 
place  in  glacial  times  (''The  Glacial  Period  and  the  Earth 
Movement  Hypothesis,"  by  J.  Geikie,  Tram.  Vict.  Inst.,  1892, 
pp.  16-26).  The  facts  here  sununarised,  and  which  will  occupy 
us  in  greater  detail  later  on,  are  nowhere,  so  far  [as  I  know, 
disputed.  They  are  too  palpable.  Mr.  Warren  Upham,  the 
archpriest  of  the  epeirogenic  theory,  plainly  sees  the  diffi- 
culties, and  I  have  already  quoted  his  very  frank  statements 
in  regard  to  them  (vol.  i.,  pp.  136, 137).  He  admits  that  the 
evidence  of  the  shells  and  of  the  so-called  glacial  clays,  etc.,  is 
desperately  against  him,  since  it  is  difficult,  if  not  impossible, 
for  those  who  hold  his  view  to  separate  their  deposition  from 
the  culmination  of  the  so-called  ice  age ;  but,  notwithstanding 
this  evidence  and  this  difficulty,  he  nevertheless  falls  back 
on  Dana's  notion,  that  the  existence  of  the  fiords  proves  the 
former  elevation  of  the  land,  as  having  an  overwhelming 
preponderance  of  authority  in  such  a  discussion.  Dana  had 
laid  it  down  that  the  fiords  of  Greenland,  Norway  and  North 
America  are  merely  valleys  eroded  by  streams  during  a  formerly 
greater  elevation  of  the  land  in  high  latitudes,  and  this  view 
has  been   widely  accepted   as  proven,   and  as  having  the 
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authority  of  the  Syllabus  among  Roman  Cathohcs.  I  have 
devoted  a  considerable  space  to  the  analysis  of  it  in  the  three 
previous  chapters,  and  claim  to  have  shown  that  it  is  quite 
worthless  as  a  scientific  induction.  Instead  of  being  valleys 
eroded  by  rain  or  ice  the  fiords  in  question  are  simply  trans- 
verse rifts  caused  by  the  elevation  of  the  high  lands  where 
they  occur.  They  do  not  testify  in  any  way  to  cutting  back 
by  rivers  when  the  land  was  at  a  higher  level,  but  were  the 
actual  and  necessary  products  of  the  last  upheaval  of  these 
lands.  So  that  in  appealing  from  the  evidence  of  the  raised 
beaches  and  the  shells  in  the  low-lying  clays  to  that  of  the 
fiords,  Mr.  Upham  is  in  effect  appealing  from  the  facts  to 
an  exploded  hypothesis. 

Even  his  own  friends  among  the  erosionists  have  questioned 
the  relevancy  of  Mr.  Upham's  appeal.  They  have  argued 
that  he  has  not  shown  that  the  fiords  were  not  much  older 
or  much  younger  than  the  ice  age,  and  has  arbitrarily  assigned 
them  to  that  period.  The  fact  is,  however,  that  the  use  of  these 
fiords  as  a  test  of  whether  the  land  is  rising  or  not  is  quite  a 
futile  process,  because,  as  we  have  seen,  they  are  not  the  results 
of  erosion  at  all,  but  of  fracture.  With  the  disappearance  of 
this  prop  the  whole  epeirogenic  theory  falls  to  the  ground, 
and  we  are  constrained  by  the  remaining  evidence  not  only 
to  deny  that  the  land  was  formerly  higher  where  the  ice  is 
supposed  to  have  culminated,  but  to  assert  that  it  was  lower, 
and  that,  consequently,  the  climate,  instead  of  being  more 
severe,  must  have  been,  ceteris  paribus^  less  so.  If  the  epeiro- 
genic theory,  therefore,  were  a  vera  causa  of  an  ice  age,  such 
a  period  ought  to  be  now  in  progress. 

In  all  these  areas  we  have  terraces  at  various  heights.  We 
have  raised  beaches  with  marine  shells  at  various  heights ;  we 
have  deposits  of  stratified  marine  sands  with  marine  shells  at 
various  heights.  We  have,  in  fact,  all  the  evidences  which 
we  naturally  turn  to  when  we  want  to  know  whether  a  land 
surface  has  been  rising  or  not. 

Geikie  uses  a  final  argument  against  the  epeirogenic  theory, 
which  has  not,  so  far  as  I  know,  been  hitherto  met,  namely, 
that  granting  that  such  an  elevation  of  the  land  took  place 
as  is  demanded  by  the  champions  of  that  view,  of  which,  as 
we  have  seen,  there  is  no  evidence,  it  would  not  account  for 
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the  facts.  In  order,  he  contends,  to  explain  those  facts  in 
the  manner  they  are  interpreted  by  the  glacialists,  namely,  by 
the  intervention  of  a  great  ice  age,  we  must  not  only  postu- 
late a  much  greater  precipitation  over  the  glaciated  areas 
than  exists  now,  but  the  geographical  distribution  of  glacial, 
fluvio-glacial  and  other  pleistocene  deposits  leads  to  the  con- 
clusion that  in  glacial  times  a  wholesale  displacement  of 
chmatic  zones  took  place;  and  he  proceeds  to  say :  "I  deny 
that  the  conditions  that  prevailed  in  pleistocene  times  can  be 
accounted  for  by  elevation  and  depression.  .  .  .  Were  North- 
western Europe  and  the  corresponding  latitudes  of  North 
America  to  be  upheaved  by  3,000  feet,  and  a  land  passage  to 
obtain  between  the  two  continents  by  way  of  the  Faroe 
Islands,  Iceland  and  Greenland,  how  would  the  climate  be 
affected?  It  is  obvious  enough  that  under  such  changed 
conditions  the  elevated  lands  in  higher  latitudes  might  well 
be  subjected  to  more  or  less  extensive  glaciation.  Norway 
would  become  uninhabitable,  and  glarciers  might  well  appear 
in  the  mountain  valleys  of  Scotland.  But  it  may  be  doubted 
whether  the  climate  of  France  and  Spain,  or  the  correspond- 
ing latitudes  of  North  America,  would  be  much  affected.  For 
were  a  land  passage  to  appear  between  Britain  and  Greenland, 
no  Arctic  current  would  flow  into  the  North  Atlantic,  while 
no  portion  of  the  Gulf  Stream  would  be  lost  in  the  Arctic 
seas.  The  North  Atlantic  would  then  form  a  great  gulf  round 
which  a  warm  ocean  current  would  circulate.  The  tempera- 
ture of  that  sea,  therefore,  would  be  raised,  and  the  prevailing 
westerly  and  south-westerly  winds  of  Europe  would  be  warmer 
than  now.  However  much  warm  moist  winds  might  in- 
crease the  snowfall  in  North  Britain  and  Scandinavia,  we 
cannot  suppose  they  could  have  much  influence  in  Central 
and  Southern  Europe  and  in  North  Africa,  and  still  less  could 
they  affect  the  climate  of  Asia  Minor  and  the  mountainous 
regions  of  the  Far  East,  in  most  of  which  evidence  of  extensive 
glaciation  occurs.  And  how,  we  may  ask,  could  the  postulated 
geographical  change  bring  about  the  glaciation  of  the  moun- 
tainous tracts  on  the  Pacific  seaboard  ?  In  fine,  we  may  con- 
clude that  however  much  the  geographical  changes  referred 
to  might  affect  North- West  Europe  and  North-East  America, 
they  are  wholly  insuflBcient  to  account  for  the  glacial  pheno- 


8  Ice  or  Water. 

mena  of  other  regions.  The  continuous  research  of  recent 
years  has  shown  that  the  lowering  of  temperature  of  glacial 
times  was  not  limited  to  the  lands  which  would  be  afifected  by 
any  such  elevation  as  that  we  are  considering.  A  marked 
and  general  displacement  of  climatic  zones  took  place  over 
the  whole  continent  of  Europe,  and  similar  changes  supervened 
in  North  America  and  Asia.  Are  we,  then,  to  suppose  that 
all  the  lands  within  the  north  hemisphere  were  extensively 
and  contemporaneously  upheaved  ?  "  (op.  dty  pp.  20, 21).  This  is 
very  forcible,  and  to  those  who  accept  the  glacial  postulate  as 
generally  received  it  ought,  it  seems  to  me,  to  be  conclusive. 

This  conclusion  in  regard  to  the  epeirogenic  theory  is  of 
very  considerable  importance  to  the  issue  we  are  discussing, 
for  it  disposes  of  the  last  prop  upon  which  the  seekers  after 
a  reasonable  cause  for  an  ice  age  have  depended  for  support. 
So  far  as  I  know  there  is  no  other  theory  of  any  kind  which 
the  ingenuity  and  skill  of  a  whole  school  of  geologists  has 
devised  (I  mean  the  glacial  champions)  during  half  a  century 
of  eager  inquiry  which  will  stand  criticism.  Every  one  of 
them  crumbles  away  when  analysed  by  the  precise  methods 
of  mathematical  or  mechanical  induction  or  when  put  to 
the  test  of  experimental  verification.  At  present,  therefore, 
the  glacial  geologists  stand  before  the  world  as  the  cham- 
pions of  a  theory  which  they  have  pertinaciously  pressed 
upon  everybody  in  season  and  out  of  season,  which  has 
been  very  widely,  nay,  almost  universally,  accepted,  and 
yet  whose  premises  are  incapable  of  verification  by  any 
known  method.  A  vast  series  of  phenomena  are  attributed 
to  a  cause  which  cannot  be  explained  by  any  known  method. 
Astronomy,  physics  and  meteorology  have  all  been  appealed 
to  in  turn,  and  all  of  them  refuse  to  give  any  countenance 
to  a  great  ice  age.  If  such  an  age  ever  existed  it  is  clear 
that  its  cause  is  quite  unknown  to  us,  and,  so  feir  as  I 
see,  is  out  of  the  reach  of  scientific  analysis.  This  is  un- 
doubtedly an  extraordinary  position.  The  champions  of 
uniformity,  as  taught  by  Hutton  and  Playfair,  Lyell  and 
'  Bamsay,  in  their  efforts  to  explain  perhaps  the  most  stu- 
pendous event  in  geological  time,  have  no  better  clue  to  offer 
us  than  a  cause  which  is  quite  unknown  to  experience — 
that  is  to  say,  a  purely  transcendental  cause.    It  is  true  that 
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we  are  constraim^  to  believe  in  many  effects  for  which  we 
cannot  always  assign  an  adequate  cause.  We  do  not  know 
what  ultimately  causes  the  phenomena  of  electricity  or  thought 
or  gravitation,  for  instance,  and  we  are  content  to  say  so; 
but  that  is  not  the  kind  of  issue  involved  in  the  present  case. 
In  the  present  case  the  phenomena  are  all  admitted  as  they 
are  in  the  case  of  electricity  or  thought  or  gravity,  and 
we  should  be  fairly  content  if  those  who  studied  them  con- 
fessed their  inability  to  find  an  adequate  cause  for  them. 
What  we  complain  of  is  that  they  do  profess  to  find  a  cause, 
and  that  their  cause  is  one  that  will  not  stand  the  test  of 
analysis,  since  it  cannot  be  equated  with  the  phenomena  at 
all,  and  is  in  itself  inexplicable  according  to  any  known  laws 
of  matter  or  force.  Such  an  hypothesis  seems  to  me  to  be 
a  mere  phantasm,  for  it  has  no  inductive  basis.  Those  im- 
mature philosophers  of  the  nursery  who  hold  the  moon  to 
be  made  of  green  cheese,  and  point  to  the  spots  on  its  face 
as  evidence  of  the  burrowing  of  mice,  have  as  great  a  right 
to  claim  a  scientific  basis  for  their  theory  as  the  solemn 
philosophers  who  appeal  to  an  ice  age,  which  they  cannot 
show  to  be  consistent  with  any  of  the  known  operations 
of  nature.  This  is  surely  a  fatal  a  'jptriori  objection  to  the 
whole  theory. 

A  second  one,  as  I  have  repeatedly  urged,  is  that  not  only 
has  no  efficient  cause  for  an  ice  age  been  as  yet  suggested, 
but  that  all  the  important  arguments  of  the  ice-men  involve 
appeals  not  only  to  unverified  powers  and  qualities  in  ice, 
but  to  powers  and  qualities  which,  so  far  as  experiment  and 
other  evidence  go,  are  quite  inconsistent  with  the  nature  of 
ice.  To  the  genuine  glacialists  (I  mean  to  men  like  CrolP), 
who  tried  to  treat  the  problem  on  scientific  lines,  it  was  more 
or  less  obvious  that  their  conclusion  could  not  be  reached, 
unless  they  attributed  to  ice  virtues  which  no  experiment 
had  verified  in  it ;  and  the  ice  which  he  argued  about,  there- 
fore, and  discussed  and  appealed  to  was  a  transcendental 
ice  having  molecular  movements  and  qualities  quite  unlike 
other  mundane  substances.     From  Croll  this  transcendent 

1  It  mast  be  remembered  that  as  late  as  1870  GroU  writes :  "  The  ice  of  a 
glacier  is  now  almost  universally  believed  to  be  not  a  soft  plastic  substance, 
but  a  substance  hard,  brittle  and  unyielding"  (l^h^,  Mag,,  xl.,  p.  153). 


lo  Ice  or   Water, 

ice  passed  on  (ready  made)  to  the  geological  champions  of  an 
ice  age,  and  when  the  latter  changed  their  front  and  accepted 
Forhes'  definition  of  ice  as  a  viscous  substance  and  nothing 
more,  they  did  not  seem  to  have  seen  that  this  new  definition 
was  entirely  inconsistent  with  their  previous  arguments  and 
conclusions,  which  were  based  not  on  the  ice  for  which  the 
Almighty  is  responsible,  but  on  the  particular  kind  of  ice 
distilled  from  the  thought  of  a  most  erratic  and  daring 
speculator. 

When  CroU  and  his  followers  talk  and  write  about  the  vast 
mounds  of  ice  many  miles  thick  as  the  instrument  with  which 
they  would  work,  they  never  stop  to  inquire  about  what 
would  occur  to  most  other  people  as  an  elementary  factor  in 
the  problem,  viz,^  the  amount  of  ice  which  can  be  piled  up  in 
a  heap  without  causing  it  to  crush,  and  thus  to  dissipate  its 
energy.  When  they  speak  of  ice  carrying  loads  of  stones 
either  on  its  back  or  beneath  its  foot  for  hundreds  of  miles 
they  do  not  try  to  analyse  how  the  problem  is  to  be  com- 
passed ;  whence  a  suflBcient  force  is  to  come  from,  or  how  it  is 
to  be  sustained,  while  they  eagerly  postulate  some  new  quality 
of  ice  unknown  to  experiment  to  explain  every  fresh  diflSculty 
in  the  phenomena.  The  fact  is  that,  according  to  all  inductive 
methods  of  any  value,  the  capacity  of  the  instrument  which 
is  appealed  to,  i.e.,  the  ice,  should  first  be  proved  and  then 
applied  to  the  elucidation  of  the  problem.  When  the  phe- 
nomena of  glaciers  are  quoted  against  the  glacialists  they 
will  have  none  of  them.  They  repudiate  them.  They  reply 
that  the  puny  glaciers  of  our  time  are  no  measures  of  the 
capacity,  of  the  vast  potentiality  of  the  enormous  ice  masses 
which  they  deal  with,  either  in  degree  nor  kind.  They 
therefore  turn  their  backs  on  glaciers  altogether  and  appeal 
to  entirely  unknown  qualities  of  ice  which  their  imaginations 
endow  ice-sheets  with,  and  thus  create  another  stupendous, 
and  in  fact  insuperable,  a  priori  objection  to  an  ice  age— one, 
too,  which  it  is  particularly  arbitrary  and  indefensible  for 
those  to  appeal  to  who  claim  Uniformity  as  their  scientific 
inspirer.  We  who  abandoned  the  study  of  metaphysics  many 
years  ago  because  we  found  that  we  got  a  very  unsubstantial 
web  when  the  north  wind  was  our  warp  and  the  east  wind 
our  weft,  repudiate  that  science  which  is  not  based  on  in- 
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dnction  but  on  imaginative  postulates.  We  are  content  to 
attribute  to  ice  action  what  we  find  by  experiments  in  the 
laboratory  or  by  watching  glaciers  that  ice  can  be  shown  to 
be  capable  of,  and  we  dare  not,  without  risk  to  our  scientific 
sanity,  invoke  forms  of  ice  which  our  experience  does  not  know 
as  if  we  were  scholastic  philosophers  instead  of  pupils  of  Bacon 
and  Newton.  We  know  experimentally  that  a  viscous  flow 
in  ice  as  in  other  substances  needs  gravitating  pressure,  which 
either  moves  the  ice  en  masse  or  makes  its  particles  roll  over 
each  other ;  and  with  a  substance  like  ice  we  know  of  no 
other  kind  of  motion. 

The  movement  of  ice  en  bloc,  as  we  have  seen,  is  a  very 
limited  element  and  scarcely  appreciable,  and  the  glacialists 
are  fairly  agreed  that  in  appeahng  to  the  movement  of  ice 
they  are  appeahng  to  its  viscous  movement. 

So  far  as  experiment  controls  our  conclusions,  it  is  clear 
that  the  motion  of  the  nether  layers  of  the  postulated  ice- 
sheets  of  America  and  Europe  on  flat  or  rolling  surfaces 
would  only  be  possible  with  such  a  surface  slope  of  the  ice 
as  is  inexplainable  if  we  are  to  believe  in  ice  crushing  under 
certain  definite  pressures ;  while  even  if  explainable  it  would 
mean  that  all  the  sources  for  the  glacial  debris  (which  were 
ex  hypothesi  deposited  by  it)  would  be  buried  deep  in  ice  and 
therefore  unattainable.  The  statement,  again,  that  a  mass  of 
ice  can  pluck  stones  out  of  its  bed  (to  use  Prof.  Chamberlin's 
phrase)  when  pressing  upon  it  with  the  weight  of  many  tons 
to  the  square  inch,  and  when  moving  at  a  pace  to  which  that 
of  a  snail  is  railway  speed ;  that  having  dug  up  its  own  floor 
under  these  conditions  the  stones,  etc.,  thus  obtained  can  travel 
upwards  through  the  ice  while  the  ice  itself  is  travelling  down- 
wards, and  in  thus  overcoming  gravity  can  mount  ascents  of 
more  than  a  mile  high  in  a  very  short  space;  these  things 
are  as  credible  to  some  of  us  as  the  statement  made  by  the 
clown  to  the  policeman  in  the  pantomime  about  the  proven-- 
ance  of  the  treasures  he  has  stored  in  his  ample  pockets.  We 
cannot  understand  the  arguments  nor  the  mental  attitude  of 
those  who  produce  them.  The  literature  of  ground  moraines 
and  of  englacial  moraines  is  steeped  full  of  this  kind  of  logic, 
and  the  necessity  of  appealing  to  it  constitutes  another  most 
powerful  a  priori  argument  against  the  theory  of  an  ice  age 
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as  tanght  by  its  prophets.  It  is  comforting  to  think  that  the 
inventors  of  the  theory  of  englacial  drift  seem  to  be  disposed 
to  be  sarcastic  about,  and  to  be  willing  to  exclude  as  irrational, 
the  appeals  of  the  champions  of  ground  moraines.  ''  A  crow 
ought  not  to  pluck  another  crow's  eyes  out,*'  says  the  French 
proverb. 

Thirdly,  as  we  have  seen.  Prof.  Geikie,  Uke  other  glacial 
champions,  does  not  limit  himself  to  transcendental  postu- 
lates in  regard  to  ice  merely.  He  does  not  hesitate  to  invoke 
climatic  and  meteorological  revolutions,  which,  so  far  as  we  can 
see,  are  purely  arbitrary,  for  no  cause  or  explanation  of  them  is 
vouchsafed.  They  are  thrown  at  us  as  mere  ohiUr  dicta,  and 
just  as  if  it  were  quite  justifiable  for  any  one  to  appeal  to  a  vast 
revolution  in  the  general  trend  of  the  winds,  the  rainfall,  or 
the  snowfall,  by  merely  turning  the  magician's  wand  hither 
and  thither. 

The  desperate  problem  these  meteorologists  in  nvAibus  have 
to  face  is,  without  postulating  great  geographical  changes, 
to  explain  how  on  such  areas  as  DalecarUa,  Scotland  and 
Labrador  there  could  possibly  be  the  tremendous  precipita- 
tion of  snow  which  would  be  required  to  make  the  ice-sheets 
of  the  glacialists  culminate  there.  To  appeal  to  this  snowfall 
in  these  particular  regions  without  explaining  how  it  could  be 
brought  about  does  not  seem  to  me  to  be  science. 

The  rain  and  wind  makers  of  the  Turks  of  Central  Asia 
we  can  understand.  They  are  real  medicine-men,  and  do  not 
•disguise  their  belief  in  hocus-pocus  and  the  rain  stones.  The 
philosophers  I  am  criticising  would  feel  hurt  at  being  put 
among  the  prophets  of  hocus-pocus.  I  confess  I  do  not  know 
what  else  they  are.  One  class  appeskl  to  the  rain  stone  to 
bring  them  rain,  while  the  other  class  appeal  to  imaginary 
climates  and  weather  to  create  them  an  ice  age.  Let  us  now 
turn  to  another  test  as  a  touchstone  of  their  arguments. 

In  a  previous  chapter,  in  analysing  the  various  horizons  in 
the  geological  record  which  have  been  supposed  at  different 
times  to  offer  traces  of  glacial  action,  I  ventured  with  nearly 
every  other  geologist  known  to  me  to  conclude  that  no  ade- 
quate evidence  of  any  such  traces  are  present  anywhere 
•except  at  one  horizon,  namely,  that  on  the  frontiers  of  the 
Carboniferous  and  Permian  beds. 
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Thence  very  considerable  evidence  is  forthcoming,  which, 
if  it  does  not  attest  phenomena  on  the  gigantic  and  wide- 
spread scale  which  marks  the  so-called  glacial  age  in  pleistocene 
times,  is  remarkable  enough,  not  only  for  the  resemblance  in 
the  phenomena,  but  also  from  their  occurring  in  so  many 
latitudes. 

In  writing  the  fourth  chapter  of  this  work  I  postponed  the 
consideration  of  this  horizon  and  its  lessons,  and  will  now 
condense  the  new  facts  I  have  learnt  about  it  since  the 
publication  of  my  previous  work,  and  I  will  then  draw  such 
conclusions  as  I  think  the  position  warrants.  The  most  re- 
markable fact  about  the  whole  matter,  so  far  as  I  can  judge,  is 
that  among  the  suggested  glacial  phenomena  which  occur  at 
this  horizon  none  of  them  are  found  in  the  higher  latitudes, 
where  Permo-Carboniferous  beds  are  so  widely  distributed. 
For  a  time  it  was  thought,  on  the  authority  of  Dahll,  that 
certain  conglomerates  containing  travelled  boulders,  some  of 
which  are  striated  and  which  occur  in  the  Yaranger  Fjord  in 
Norway,  belonged  to  this  horizon,  but  a  later  examination  of 
these  beds  (which,  by  the  way,  are  unfossiliferous)  by  Beusch 
and  by  Strahan  make  it  almost  certain  that  the  conglomerate 
in  question  is  much  older  than  the  suggested  horizon  and  that 
it  belongs  to  Cambrian  times  (Qtuirt.  Jov/m,  Oeol.  Soc.,  liii.). 

In  two  other  locsdities  (not  in  high  latitudes,  but  in  the 
north  temperate  zone  where  the  phenomenon  has  been 
noticed)  the  facts  turn  out  to  have  been  misinterpreted.  One 
of  these  is  in  Shropshire  and  the  other  in  North  America,  and 
I  will  devote  a  paragraph  or  two  to  them. 

The  first  person  to  attribute  the  breccias  and  other  boulder 
deposits  of  this  period  in  Shropshire  to  glacial  action  was 
Bamsay,  who  did  so  as  far  back  as  1855  in  a  memoir  specially 
devoted  to  the  breccias  of  Permian  age  in  Shropshire  and 
its  borders,  which  was  pubhshed  in  the  Qua/rterly  Joy/mal  of 
the  Geological  Society.  In  this  he  tells  us  that  he  had  for  some 
time  been  struck  with  the  size  and  angularity  of  the  fragments 
there  and  with  the  marly  paste  in  which  they  are  imbedded, 
and  had  even  arrived  at  the  conclusion  that  they  were  chiefly 
fonned  of  the  moraine  matter  of  glaciers,  drifted  and  scattered 
in  the  Permian  sea  by  the  agency  of  glaciers,  and  in  the  paper 
in  question  he  not  only  professed  to  show  that  the  icebergs 
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were  of  Permian  date,  but  partly  also  to  indicate  the  district 
whence  the  glaciers  descended. 

In  regard  to  the  fragments  in  the  breccias  he  says :  "In 
spite  of  exceptional  fragments  in  the  Malvern  district,  they 
seem  to  be  derived  from  one  set  of  rocks ;  they  are  all  enclosed 
in  the  same  red  marly  paste,  and  they  are  mostly  angular  or 
subangular.  A  well-rounded  water-worn  pebble  is  in  places 
of  rare  occurrence.  The  surfaces  of  a  great  majority  of  the 
pebbles  are  much  flattened,  numbers  are  highly  polished,  and 
when  searched  for,  many  of  them  are  observed  to  be  distinctly 
grooved  and  finely  striated.  The  striae  in  some  are  clear  and 
sharp  and  run  parallel  to  or  cross  each  other  at  various 
angles,  while  in  others,  though  you  see  their  remains,  age 
and  surface  decomposition  have  impaired  their  sharpness  and 
roughened  the  original  polish  of  the  stone.  ...  If  the  litho- 
logical  character  be  any  guide,  the  fragments,  with  rare  excep- 
tional pieces,  seem  to  have  been  derived  from  the  conglomerates 
and  green,  grey  and  purple  Cambrian  grits  of  the  Long  Mynd, 
and  from  the  Silurian  quartz  rocks,  slates,  felstones,  felspathic 
ashes,  greenstones  and  upper  Caradoc  rocks  of  the  country 
between  the  Long  Mynd  and  Chirbury.  The  south  end  of  the 
Malvern  Hills  is  from  forty  to  fifty  miles,  the  Abberleys  from 
twenty-five  to  thirty-five  miles,  Enville  from  twenty  to  thirty 
miles,  and  South  Staffordshire  from  thirty-five  to  forty-five 
miles  distant  from  that  country.  The  question  then  arises 
by  what  process  were  so  many  angular  and  subangular  frag- 
ments transported  so  far,  many  of  them  being  a  foot,  and 
some  two,  three  or  even  four  feet  in  diameter,  the  whole  in 
places  forming  a  deposit  of  several  hundred  feet  in  thickness. 
Why,  also,  are  they  angular  and  not  well  rounded  like  the 
pebbles  of  the  great  conglomerate  beds  of  the  Bunter  sand- 
stone, and  why  have  they  flattened  sides  and  often  polished 
and  striated  surfaces?  "  Having  discussed  the  plant  remains 
in  the  beds,and  assigned  them  inconsequence  to  Permian  times, 
Ramsay  goes  on  to  discuss  the  various  methods  by  which  the 
stones  in  the  breccias  were  deposited,  and  concludes  in  favour 
of  ice.  This  he  concludes,  first,  from  the  size  of  the  stones,  the 
largest  weighing  from  half  to  three  quarters  of  a  ton ;  secondly, 
from  their  form,  few  being  rounded,  most  of  them  being  angular 
or  subangular  with  flattened  sides ;  thirdly,  from  the  fact  that 
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many  of  them  are  highly  polished  and  others  grooved  and  freely 
striated ;  fourthly,  from  the  hardened  cementing  mass  of  red 
marl  in  which  the  stones  are  thickly  scattered,  which  he  thinks 
may  be  compared  with  boulder  clay.  He  holds  that  it  was  ice  in 
the  nature  of  glaciers  which  carried  the  stones,  and  if  the  parent 
rock,  he  says,  is  properly  identified,  it  follows  that  the  ancient 
territory  of  the  Long  Mynds  and  the  adjacent  Lower  Silurian 
rocks,  having  undergone  many  mutations,  at  length  gave  birth 
to  the  glaciers,  which,  flowing  down  some  old  system  of  valleys, 
reached  the  level  of  the  sea,  and,  breaking  off  into  bergs, 
floated  away  to  the  east  and  south-east  and  deposited  their 
freight  of  mud,  stones  and  boulders  in  the  neighbouring 
Permian  seas  {Quart.  Joum.  Geol,  Soc,  xi.,  pp.  185-205). 

The  views  here  proclaimed  by  Bamsay  are  apparently  still 
held  by  Dr.  Geikie.  Lyell,  who  was  disposed  to  accept  Earn- 
say  s  conclusion,  nevertheless  wrote  that  he  had  visited  a 
great  many  of  the  places  where  these  Permian  breccias 
occur,  and  adds :  "  I  scarcely  ever  found  a  large  fragment  in 
situ,  and  never  one,  large  or  small,  with  a  polished  and  striated 
surface,  ...  a  proof  that  they  are  by  no  means  common 
(Lyell*s  Principles^  i.,  p.  223).  Later  and  more  complete  in- 
vestigations have  entirely  altered  the  situation. 

Prof.  Lapworth,  whose  knowledge  of  the  rocks  and  of  the 
district  is  unrivalled,  declared  emphatically  in  189«3  that  every 
kind  of  rock  found  in  the  breccias  had  its  exact  counterpart 
in  rocks  in  sitit  in  the  immediate  vicinity  and  that  the  supposed 
Welsh  rocks  could  be  found  "  within  a  pistol  shot  "  {Glacialist's 
Magazine,  i.,  p.  80). 

Prof.  T.  G.  Bonney,  F.E.S.,  has  recently  stated  his  opinion 
that  the  markings  on  these  Shropshire  breccias  are  not  evi- 
dence of  glacial  action,  and  at  the  Nottingham  meeting  of  the 
British  Association  he  has  further  said  of  them :  "  I  am  con- 
vinced, after  careful  study  of  the  specimens  in  the  Museum  of 
the  Geological  Survey,  that  they  are  due  to  earth  movements 
and  not  to  glcw^ial  action  "  {Ice-Work,  Present  and  Past,  p.  263). 

Prof.  Hughes  refers  to  the  specimens  of  the  stones  from 
these  breccias  preserved  in  the  Jermyn  Street  Museum. 
These,  he  says,  may  be  divided  into  two  kinds,  one  represented 
by  a  single  stone  of  a  greenish  colour  and  flattened  oval  form 
and  covered  vnth  striae  undistinguishable  from  those  seen  on 


1 6  Ice  or  Water. 

stones  from  the  true  glacial  drift.  "  This  stone,"  he  says, 
"  must  have  been  placed  there  for  comparison  and  illustration, 
and  having  lost  its  label  has  got  mixed  up  at  last  with  those 
actually  found  in  the  Haffield  conglomerate.  I  am  well  ac- 
quainted with  that  rock,  and  have  no  hesitation  in  saying  that 
the  stone  I  refer  to  was  never  in  it.  The  others  are  specimens 
with  obscure  strise,  such  as  would  be  produced  by  movements 
in  the  rock,"  and  he  pertinently  asks  *'  why  should  we  be  ex- 
pected to  take  on  trust  as  evidence  of  glacial  action  in  ancient 
times  a  few  isolated  fragments  with  the  '  ghosts  of  scratches ' 
on  them  when  good  observers,  visiting  the  same  spot  after- 
wards, cannot  find  a  trace?"  {Ccmb.  Phil.  Soc,,  1893,  pp. 
Ill,  112). 

In  1894  Mr.  Oldham  read  a  paper  before  the  Geological 
Society  of  London  on  these  same  Permian  breccias  of  the  Mid- 
lands and  the  Carboniferous  breccias  of  India  and  Australia.  In 
regard  to  the  first  of  these,  to  which,  as  we  have  seen,  a  glacial 
origin  had  been  assigned,  Mr.  Oldham  remarks  that  the  first  of 
Bamsay's  reasons  had  been  displaced  by  the  proof  that  the  stones 
in  the  breccias  were  local  and  not  distant.  Oldham  goes  on  to 
describe  the  breccias  as  composed  of  more  or  less,  but  never 
very  much,  water-worn  and  subangular  fragments  of  various 
sizes,  the  deposit  being  rudely  stratified,  the  various  beds 
shading  off  into  each  other.  On  Apperley  Hill  a  bed  of  red- 
sand  is  intercalated,  and  the  materials  bear  evident  trsbces  of 
having  been  rearranged  by  running  water,  but  none  of  them 
have  been  deposited  in  a  tranquil  sea.  Oldham  concludes  his 
examination  of  these  breccias  by  rejecting  any  ice  portage  for 
them.  He  compares  the  beds  to  the  great  gravel  fans  that  are 
found  everywhere  along  the  foot  of  the  hill  ranges  of  the  drier 
part  of  Western  and  Central  Asia.  '*  They  form  a  continuous 
fringe  along  the  foot  of  the  hills,  often  extending  many  miles 
over  the  plains.  At  their  upper  end  the  latter  are  mostly  com- 
posed of  large  fragments,  the  interstices  being  filled  with  small 
gravel  and  sand,  but  further  from  the  hills  the  larger  frag- 
ments are  for  the  most  part  left  behind  and  the  general  texture 
of  the  deposit  is  finer.  The  pebbles,  even  to  the  outermost 
limit,  generally  remain  imperfectly  rounded,  for  when  the 
streams  flow  after  rain  they  are  generally  so  loaded  with  debris 
as  to  be  rather  of  the  nature  of  fluid  mud  than  water,  and  in 
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this  the  fragments  of  rock  seem  to  be  carried  along  en  masse 
without  being  worn  against  each  other  to  the  same  extent  as 
in  a  momitain  torrent.  The  stream,  in  fact,  flowing  over  a 
surface  of  its  own  formation  has  developed  such  a  slope  and 
shape  of  bed  that  it  is  only  able  to  transport  its  burden,  and 
has  little  or  no  surplus  energy  to  devote  to  the  rounding  of 
the  rock  fragments.  Another  effect  of  the  large  proportion 
of  mud  and  stones  moved  by  the  streams  is  that  occasional 
large  blocks  travel  in  the  moving  mass  far  beyond  where 
most  of  their  fellows  have  been  left  behind ;  occasional  excep- 
tional floods,  too,  may  bring  down  larger  blocks  than  usual, 
which  afterwards  get  covered  up  by,  and  embedded  in,  gravel 
of  much  smaller  grain. 

"  To  such  a  cause,*'  says  Mr.  Oldham,  *'  I  would  ascribe  the 
deposition  of  the  Permian  breccias — that  is  to  say,  they  were 
formed   by  the  action   of  streams   subaerially  and  in  the 
immediate  proximity  of  the  uplands  which  these  streams 
drained.     The  deposit  is  too  well  bedded  and  the  fragmenta 
are  often  too  much  waterwom  to  be  an  actual  talus  or  a  land* 
slip  formation,  extensive  as  these  may  sometimes  be ;  it  is  not 
sufficiently  regularly  bedded  to  be  a  marine  deposit  formed  in 
a  tranquil  sea,  into  which  fragments  of  rock  were  dropped  by 
floating  ice ;  it  does  not  exhibit  any  of  those  disturbances  of 
bedding  found  in  the  marine  clays  of  pleistocene  age ;  and  the 
very  local  character  of  the  rudely  defined  strata,  the  way  they 
pass  into  each  other,  combined  with  the  general  regularity 
and  parallelism  of  bedding,  seem  to  preclude  the  idea  that  they 
could  have  been  deposited  in  a  turbulent  sea  without  the 
agency  of  floating  ice  or  formed  by  a  cUbdcle.    There  remains 
but  the  supposition  that  they  were  formed  subaerially,  like 
the  analogous  deposits  of  recent  gravel  fans,  and  in  this  case 
the  angularity  or  at  most  imperfect  rounding  of  the'fragments 
precludes  their  being  of  any  but  local  origin"  (Quart  Jov/m.  Geol. 
Soc.,  1894,  pp.  464, 465 ;  see  also  Beete  Jukes,  ''  South  Stafford 
Coalfield,"  Mems.  Geol.  Surv.,  1859,  p.  9). 

In  regard  to  the  striee  on  many  of  the  stones,  Mr.  Oldham 
leaves  the  question  of  their  origin  in  a  doubtful  way  after 
urging  that  they  were  formed  before  deposition.  His  words 
are :  "  Not  a  few  of  the  fragments  I  have  seen  are  such  as 
would  unhesitatingly  be  accepted  as  truly  glacial  if  they  were 

II.  2 


1 8  Ice  or   Water. 

found  in  a  recent  moraine  or  in  a  pleistocene  boulder  clay ; 
many  are  of  more  doubtful  character,  but  not  more  so  than 
specimens  that  might  be  collected  out  of  a  boulder  clay  of  in- 
disputably glacial  origin;  while  it  would  be  impossible  to 
collect  a  specimen  even  from  one  of  these  last-named  deposits 
for  which,  taken  as  an  individual  specimen  and  apart  from  its 
surroundings,  it  would  not  be  feasible  to  suggest  some  other 
plausible  explanation  of  origin  "  {jhid,,  pp.  467,  468). 

Turning  from  the  very  unsatisfactory  evidence  from  Shrop- 
shire to  that  from  temperate  America,  Mr.  F.  Bain,  in  Science, 
10th  March,  1893,  describes  the  Permian  rocks  of  Prince 
Edward  Island.  He  mentions  the  occurrence  at  Carleton 
of  a  bed,  regarding  which  he  says  "  that  the  series  of  deposits 
appear  to  have  closed  in  an  important  Glacial  period,  for  on 
its  summit  rest  not  only  drift  fragments  which  must  have 
come  from  the  distant  hills  of  New  Brunswick,  but  a  well- 
marked  glacial  moraine,  now  consolidated  into  a  firm  mass 
■of  conglomerate,  five  hundred  yards  in  length,  occurring  in  the 
bed  of  the  mill  river  and  reposing  on  the  summit  of  the 
Permian  and  underlying  the  horizontal  Trias  *'  (The  GUicialist^s 
Magazine,  i.,  p.  60). 

Writing  subsequently  to  Science,  Mr.  Bain  says :  "  In  1887 
I  published  in  the  Canadian  Record  of  Science  an  account  of  a 
Permian  glacial  moraine  in  Prince  Edward  Island.  I  have 
recently  examined  the  formation  more  carefully,  and  am  not 
at  all  positive  about  its  age.  The  bedding  and  jointage  are 
conformable  with  the  underl3dng  formation,  but  the  cement- 
ing material  is  purely  calcareous,  and  the  induration,  though 
complete,  may  be  recent.  In  the  absence  of  organic  evidence, 
I  do  not  think  we  can  positively  say  that  this  conglomerate  is 
not  Quaternary  **  (ibid.,  p.  80). 

This  exhausts  the  cases  in  the  temperate  latitudes  where 
supposed  traces  of  glacial  action  in  Permian  times  are  said  to 
have  been  found.  If  we  turn  elsewhere  and  examine  the 
Permian  beds  in  warmer  latitudes  and  nearer  the  Equator 
we  shall  have  a  diiBferent  story  to  tell. 

We  will  begin  with  India.  The  case  of  the  Indian 
Permian  beds  occupied  me  at  considerable  length  in  my 
former  work  (Glacial  Nightmare,  p.  288,  etc.),  and  I  am  now 
only  supplementing  what  I  then  said. 
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Oldham  sharply  separates  the  Permian  brecM3ias  of  the 
English  Midlands  from  those  of  India.  He  says  there  is  not 
the  slightest  real  resemblance  between  the  two.  The  English 
beds  consist  of  a  mass  of  fragments  of  stone  of  all  sizes, 
mixed  together  and  resting  in  contact  with  each  other ;  the 
Indian  and  Australian  beds,  on  the  other  hand,  when  typically 
developed,  have  always  a  tolerably,  often  an  extremely,  fine- 
grained matrix,  itself  distinctly  stratified  or  inter-stratified 
with  well-bedded  rock.  Through  this  are  scattered  in  abun- 
dance blocks  of  rock  of  all  sizes,  but  always  embedded  in  and 
well  separated  from  each  other  by  the  matrix.  The  matrix, 
he  concludes,  was  deposited  in  quiet  water,  into  which  the 
fragments  were  dropped  from  above.  Some  of  them  are 
smoothed  and  striated  boulders,  while  in  two  localities  in 
India  the  underlying  rock  has  a  smoothed,  striated  and  rocht 
moutonrUe  character  (Qriart  Jcnim.  Geol.  Soc,  1894,  p.  468). 

The  Indian  beds  are  known  as  the  Gondwana  series,  from 
the  old  name  of  the  districts  south  of  the  Nerbudda.  This 
Gondwana  series  seem  to  me  to  be  very  illogically  constituted 
out  of  beds  belonging  to  two  entirely  different  horizons,  be- 
tween which  there  is  no  conmiunity  of  contents.  The  lower 
portion,  the  speckled  sandstones  of  Mr.  Wynne,  are  correlated 
with  the  Carboniferous  beds  or  perhaps  Permian  beds  of 
Europe  (a  homotaxial  inference  which  may  or  may  not  be 
subsequently  justified),  while  the  upper  and  entirely  distinct 
series  form  the  Carboniferous  limestone  of  the  same  writer 
and  the  productua  limestone  of  Dr.  Waagen  and  the  Indian 
Surveys.  They  have  apparently  nothing  to  do  with  any 
Oarboniferous  horizon  at  all,  and  are  classed  as  Permian  with 
certain  Mesozoic  elements  by  the  Indian  surveyors.  At  the 
base  of  the  former  or  lower  Gondwana  series,  as  developed  in 
the  Salt  Bange,  is  a  deposit  of  boulder  clay.  It  contains  a 
series  of  moUuscs  and  other  remains  described  on  pages  120 
and  121  of  the  MantuU  of  Indian  Oeology,  and  showing  them  to 
be  a  marine  deposit  and  not  the  remains  of  a  glacier  moraine. 
Elsewhere  in  India  and  its  borders  other  conglomerates  occur 
which  are  apparently  to  be  dated  as  of  either  the  lower  or  upper 
section  of  the  Gondwanas,  it  being  difficult  in  some  cases  to 
exactly  class  them  from  the  absence  of  organic  remains.  In 
the  Talchir  beds  in  Orissa,  however,  they  are  associated  with 
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beds  containing  certain  well-marked  species  of  ferns  of  the 
genera  Gangamopteris  and  Glossopteris. 

Let  ns  first  torn  to  the  Salt  Range  beds  (see  Glacial  Night-- 
mare,  pp.  290,  291).  These  Salt  Range  beds  have  continued 
to  excite  interest.  They  form  a  deposit  very  like  a  boulder 
clay,  which  lies  unconformably  on  the  older  palaeozoic  beds  and 
contains  blocks  of  hard  rock  ranging  to  several  cubic  feet  in 
size,  almost  always  subangular  and  frequently  showing  faces 
that  have  been  smoothed,  pohshed  and  striated  in  the  manner 
characteristic  of  glacier  action.  These  fragments  are  princi- 
pally composed  of  slates,  quartzites  and  crystalline  rocks.  We 
are  further  told,  and  the  fact  is  most  remarkable,  that  their 
nearest  analogues  are  to  be  found  in  situ  not  to  the  north,  but  750 
miles  to  the  south,  in  the  syenitic  and  porphjrritic  felsites  of  the 
Mal&ni  series ;  but  mixed  with  them  are  numerous  fragments 
of  the  older  palaeozoic  beds  of  the  Salt  Range,  more  especi- 
ally of  the  magnesian  sandstone.  We  are  further  told  that 
many  of  the  so-called  glaciated  pebbles  of  this  bed  show 
a  peculiarity  which  is  rare  in  other  glacial  boulder  clays. 
Instead  of  being  smoothed  and  striated  on  two  surfaces  only, 
they  often  have  a  number  of  flat  surfaces  meeting  at  other 
angles  and  each  showing  a  different  direction  of  striation 
(Geology  of  India,  p.  120).  They  are  in  fact  facetted.  This 
seems  to  entirely  differentiate  them  from  true  glacier  stones* 
Nor,  as  the  authors  of  the  Geology  of  India  admit,  can  we 
soberly  understand  how  a  gigantic  ice-sheet  could  have  ex- 
isted in  such  a  tropical  latitude  capable  of  carrying  stones  for 
750  miles  from  south  to  north,  and  how  its  presence  is  con- 
sistent with  the  tropical  moUusca  in  the  beds,  which  also 
exclude  icebergs  (see  Geology  of  India,  second  edition,  pp.  120,. 
121). 

Mr.  Medlicott  was  the  first  to  describe  a  similar  set  of  beds 
in  the  valley  of  the  Blaini,  which  perhaps  belong  to  the  upper 
Gondwana  series.  They  have  been  traced  over  a  wide  district 
of  the  Central  Himalayas  from  Mussooree  at  intervals  to 
beyond  Simla.  They  consist  of  a  pure-grained  matrix,  con- 
taining numerous  fragments  of  the  volcanic  rocks  of  the  Jaunsar 
system  when  exposed  at  their  outcrop  in  the  Naira  valley.  They 
also  contain  rounded  pebbles  of  quartz  ranging  up  to  a  hen's 
egg  in  size,  and  in  other  cases  angular  and  subangular  firag- 
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ments  of  slate  and  quartzite  up  to  some  feet  across  in  a  matrix 
much  resembling  volcanic  ash.  The  authors  of  Indian  Geology 
say  the  agency  by  which  blocks  of  stone  were  dropped  over  so 
large  an  area  into  a  tranquil  sea  in  whose  bottom  the  matrix 
could  alone  have  been  deposited  was  no  local  one,  and  they 
attribute  it  to  the  action  of  icebergs  in  a  tranquil  sea.  They 
very  frankly  say,  however :  "  No  smoothed  and  striated  frag- 
ments have  been  found  as  yet,  though  an  occasional  one  is  met 
with  showing  striation  hke  those  produced  by  glaciers  ;  but," 
they  add,  "  the  rock  has  invariably  undergone  much  compres- 
sion and  disturbance,  at  times  accompanied  by  distortion  of  the 
included  fragments,  which  might  account  either  for  the  ob- 
literation of  distinctly  glaciated  surfaces  or  for  the  production 
of  those  scratches  which  have  been  observed  **.  Surely  this 
is  enough,  and,  notwithstanding  the  infrequence  of  other 
volcanic  material  in  it,  we  may  more  safely  identify  the  bed, 
as  hinted  at  by  Mr.  Oldham,  as  a  volcanic  breccia  (vide  ibid., 
p.  133). 

A  similar  bed  of  conglomerate  composed  of  subangular 
fragments  and  rounded  pebbles  of  slates  and  quartzites  is  im- 
bedded in  a  matrix  of  fine-grained  slate.  The  rock,  say  the 
Indian  surveyors,  is  in  every  way  similar  to  the  Blaini  group 
of  the  Sinoda  area,  and  the  same  arguments  apply  to  it. 

A  third  locality  for  these  conglomerates  is  Orissa,  the  site 
of  the  well-known  Talchir  conglomerates,  upon  which  I  wrote 
in  my  former  work  (see  Globcial  Nightmare,  p.  438),  quoting 
the  opinions  of  Blanford  and  Bauerman  that  they  afford 
no  evidence  of  the  presence  of  glaciers. 

Mr.  Griesbach  has  lately  made  known  from  near  Herat 
and  the  borders  of  Turkestan  extensive  boulder  beds  and 
conglomerates,  lithologically  resembling  the  Talchirs,  under- 
lying a  great  plant-bearing  system  with  VertehraHa,  a  typical 
lower  Gondwana  plant,  thus  proving  the  northern  extension 
of  the  Permo-Carboniferous  beds  of  India. 

Beds  of  similar  age,  as  proved  by  their  fossil  contents  (see 
Indiam  Geology,  p.  121),  occur  in  New  South  Wales,  and  at 
Bacchus  Marsh,  between  Melbourne  and  Ballarat,  in  Victoria. 
These  Bacchus  Marsh  beds  contain  large  blocks  of  granite,  sub- 
angular  and  ranging  to  several  feet  in  diameter,  some  of  which 
are  conspicuously  striated.     There,  as  in  India,  they  are  con- 
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tained  in  a  fine-grained  matrix,  containing  delicate  FenestellcB 
and  bivalve  shells  with  their  valves  united,  showing  that  the 
shells  actually  lived  on  the  spot.  Mr.  Oldham  argues  that 
their  deposition  must  have  been  by  floating  ice  (ibid,^  pp.  198, 
199),  a  conclusion  negatived,  as  I  hold,  by  the  character  of  the 
shells  just  named.  Mr.  Dunn  speaks  of  this  conglomerate 
as  consisting  of  various  granites,  gneisses,  schists,  quartz- 
rocks,  etc.,  ranging  in  size  from  fine  grit  to  blocks  several 
feet  across,  and  weighing  in  some  cases  from  twenty  to  thirty 
tons.  Some  of  the  stones  are  well-rounded,  others  are  roughly 
angular  and  unabraded,  while  many  are  scored  and  scratched 
and  great  numbers  are  rubbed  on  one  or  more  sides  (Greikie, 
Ice  Age,  p.  821,  quoting  Proceedings  of  the  Australian  Association 
for  Adv.  of  Science,  1890,  p.  452). 

Describing  a  similar  conglomerate  at  Wild  Duck  Creek, 
the  same  geologist  speaks  of  the  indiscriminate  manner  in 
which  the  huge  boulders,  great  angular  and  subangular 
masses,  pebbles  and  fragments  of  rock  of  endless  variety  of 
size,  form  and  material  are  conuningled,  sand  and  clayey 
matter  binding  the  whole  together.  Many  of  the  stones  are 
of  unusual  forms  and  bear  peculiar  markings  or  modifications 
of  their  original  shape ;  angular  and  subangular  stones  have 
been  rubbed  into  shapes  that  water  action  would  not  produce. 
Boulders  and  pebbles  evidently  rounded  by  water  have  flat 
sides  ground  on  them  or  bear  marks  not  attributable  to  water 
action.  Other  masses  have  been  planed,  scored,  striated, 
scratched  and  polished,  and  in  many  the  edges  have  been 
broken  away  through  others  pressing  heavily  against  them. 

Planing  is  very  common.  It  is  sometimes  flat,  or  in  some 
cases  the  surface  is  hollowed,  or  there  may  be  a  convex 
surface.  In  either  case  the  marks  of  grinding  action  are 
traceable  in  the  hollow  or  on  the  convex  portion  as  well  as 
across  the  flat  surface.  In  the  case  of  the  erratic  called  the 
Stranger  (a  mass  of  coarse-grained  granite,  measuring  sixteen 
feet  six  inches  in  length  by  ten  feet  six  inches  in  breadth  at 
the  widest  part  and  five  feet  deep,  and  weighing  about  thirty 
tons)  the  present  top  surface  must  at  one  time  have  been 
wider,  and  it  is  planed  for  its  whole  length  and  breadth,  both 
the  felspar  and  quartz  being  cut  down  level.  Mr.  Dunn  says 
the  scratches  are  abundant  on  most  of  the  stones.     On  the 
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intensely  hard  rocks  like  the  quartzites  fine  scratches  are 
noticeable  with  a  glass ;  on  soft  pebbles  very  delicate  scratches 
are  observable,  especially  when  freshly  detached  from  the 
conglomerate,  and  are  present  in  the  hollows  as  well  as  the 
prominences  of  the  stones.     Beds  of  sandstone  are  intercalated 
in  the  sandstone,  and  thin  strips  of  conglomerate  bedded  in 
the  conglomerate.     Many  of  the  rocks  forming  the  boulders 
in  the  conglomerates  are  foreign  to  Victoria,  and  although 
fragments  of  the  bed  rock  of  the  country  are  preserved  it 
does  not  follow  that  even  they  are  of  local  origin.    At  one 
place  the  bed  rock  is  exposed  for  a  length  of  sixty  feet,  and 
shows  a  planed  and  striated  surface,  the  parallel  striee  run- 
ning nearly  north  and  south,  the  direction  of  movement  being 
apparently  from  south  to  north.     The  critical  fact  to  be  noted 
is  the  heterogeneous  mixture  of  huge  blocks  and  rounded 
masses,   smaller  boulders,  pebbles  and  angular  fragments, 
sand  and  clay,  all  unsorted  and  indiscriminately  commingled 
vdth  the  longer  axes  as  frequently  vertical  as  horizontal.    Mr. 
Dunn  attributes  the  beds  partly  to  land  ice  and  partly  to 
icebergs  (S^pedal  Eeports,  Department  of  Mines,  Victoria^  1892). 
Similar  arguments  for  the  glacial  origin  of  the  boulders 
at  Bacchus  Marsh  have  been  advanced  by  Messrs.  Officer 
and  Balfour,  namely,  the  unstratified  nature  of  the  clayey 
matrix,  the  number  and  variety  of  the  included  stones,  the 
striated  nature  of  many  of  them  and  their  total  want  of 
arrangement.     Mr.  Officer  was  much  struck  by  the  resem- 
blance of  the  conglomerate  to  true  till.     On  removing  some 
of  it  they  found  the  bottom  bed  rock  fluted  and  striated,  the 
grooves  and  strise  indicating  movement  from  the  south.     Mr. 
Brittlebant  showed  them  a  roche  moutonn^e  he  had  uncovered 
presenting  the  appearance  of  three  smooth  parallel  ridges  well 
scored  and  striated  vdth  well-rounded  grooves,  six  or  more 
inches  deep  between,  the  grooves  running  north  and  south. 
Mr.  Geikie  quotes  from  a  letter  received  from  Mr.  Officer 
in  September,  1893,  saying  that  in  **  Coimadai  Creek,  about 
seven  miles  from  Bacchus  Marsh,  they  found  excellent  sec- 
tions showing  most  of  the  conglomerate  stratified  and  lines 
of  boulders  in  it  as  if  dropped  on  a  level  surface.     He  men- 
tions two  fine  boulders  of  granite  both  well  scored,  one  ten 
feet  long  and  the  other  eight ;  the  latter  had  been  broken  up 
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and  was  originally  seventeen  feet  long.  These  boulders  oc- 
curred in  bedded  clay."  The  underlying  Silurian  rocks  were 
grooved  and  striated,  the  striations  being  from  south  south- 
west to  north  north-east. 

In  the  Werribee  Gorge,  six  miles  west  of  Bacchus  Marsh, 
in  Pyke's  Creek,  ten  miles  west  of  the  gorge,  and  in  the 
Lerderberg  ranges,  about  eight  miles  north  of  the  gorge,  the 
Silurian  surfaces  are  glaciated.  "  In  one  place,  where  the  sur- 
face is  inclined  at  an  angle  of  25°  towards  the  south,  it  shows 
projecting  bosses,  all  of  which  are  finely  grooved  and  striated. 
The  ^tozz  seite  exposed  towards  the  south  is  rounded  off  and 
highly  polished  where  the  rock  is  hard,  and  deeply  scored  in 
others.*'  The  striae  curve  round  the  bosses  as  if  they  had 
deflected  the  ice.  In  other  places  large  wedge-shaped  slabs 
of  the  bed  rock  have  been  removed,  the  base  of  the  wedges 
facing  the  south.  Mr.  Geikie  says  the  stoss  seite  and  lee 
seite  can  be  well  distinguished  in  the  sketches  sent  to  him. 

At  Korkuperrimal  Creek  the  conglomerate  is  composed 
chiefly  of  waterworn  stones  with  here  and  there  a  few  striated 
ones,  which  seem  to  have  been  exposed  to  the  action  of  water. 
In  some  of  the  conglomerates  occur  large  blocks  of  granite, 
porphyry  and  a  fine-grained  greenish  sandstone,  all  beautifully 
grooved  and  striated  and  not  in  the  least  waterworn.  They 
everywhere  repose  on  a  grooved  and  striated  rock  surface 
(The  Great  Ice  Age,  p.  823). 

In  the  Mantml  of  Indian  Geology  we  read  that  the  New 
South  Wales  beds  **  contain  large  boulders  of  foreign  rock 
exhibiting  distinctly  smoothings  and  striations,  embedded  in 
fine-grained  silt,  along  with  delicate  FenestdlcB  and  bivalves 
whose  valves  are  still  united  in  the  position  in  which  they 
lived  and  died  "  (second  edition,  p.  198).  In  Australia  these 
phenomena  have  occurred  at  two  different  horizons  in  the 
carboniferous  measures:  one  in  the  Bacchus  Marsh  beds 
above  mentioned,  and  the  other  in  the  Hawkesbury  beds, 
which  are  at  a  higher  horizon  and  separated  from  them  by 
the  Newcastle  beds  (see  Geology  of  India,  p.  198). 

In  regard  to  the  latter  I  have  already  referred  to  them  in 
my  previous  work.  They  have  been  described  by  Mr.  C.  S. 
Wilkinson  in  the  Journal  of  the  Boyal  Society  of  New  Scncth 
Wales,  xiii.,  p.  105.     They  contain  embedded  in  a  matrix  of 
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sand  large  angular  fragments  of  shale  in  a  confused  manner, 
with  their  original  bedding  planes  lying  at  all  angles,  and  are 
accompanied  by  well-rounded  quartz  pebbles. 

Mr.  B.  L.  Jack  has  pointed  out  similar  evidence  in  the  Bowen 
River  coalfield  in  Queensland,  where  large  isolated  erratics 
of  granite  occur  in  the  midst  of  the  sandy  and  argillaceous 
strata  (Beport  on  the  Bowen  Biver  Coalfield,  Brisbane,  1879). 

Turning  to  Tasmania,  we  have  a  series  of  conglomerates 
marked  by  similar  ferns  to  those  which  occur  in  the  Talchir 
beds,  and  no  doubt  belonging  to  the  same  horizon. 

Mr.  Johnstone  mentions  his  discovery  in  1886  of  huge 
erratics  and  polished  blocks  of  the  harder  rocks  foreign  to 
the  neighbourhood  of  this  horizon  at  One  Tree  Point,  Maria 
Island,  etc.,  in  Tasmania,  since  which  time,  he  adds,  he  had 
found  abundant  evidence  in  rocks  of  the  same  age  throughout 
south-eastern  Tasmania.  These  erratics  are  for  the  most 
part  found  in  barren  layers  of  the  lower  marine  beds,  known 
as  the  mudstone  rocks,  but  in  certskin  places,  as  at  Beltana, 
near  Hobart,  Bedlam  Walls,  Blackman's  Bay  Heads,  Variety 
Bay,  Adventure  Bay,  Esperance  and  Eagle  Hawk  Neck,  the 
dropped  erratics  and  conglomerates  are  associated  in  dense 
white  or  yellow  close-grained  sandstones  with  the  following 
oiganisms :  Spirifera  Da/'mnii,  S.  Strzelecki,  S.  convoluta,  S, 
glaber,  S,  taemaniensis,  Terebratida  saccultis,  Scmguinolites  Ether- 
idgei,  S.  undatus,  Pachydomua  carinaPus,  Edmondia  ovalis,  AviculO' 
Pecten  limcBformis,  Tellinomya  Etheridgei,  Platyschisma  occula, 
Orthonata  cofnpressa,  Astartila  cytherea,  Theca  lanceolata,  Goniatites 
micromphalus,  O.  strictus,  also  a  fragment  bearing  a  clear  im- 
pression of  the  well-known  fern  Gangamopteris  spathulata. 
The  erratics  are  generally  found  in  the  middle  or  lower  hori- 
zons, and  are,  when  so,  associated  with  the  fine  laminated 
zones  almost  wholly  made  up  of  the  remains  of  the  common 
Isuce-like^Fenestella.  There  can,  therefore,  be  no  doubt  as 
to  the  age  of  the  rocks  in  which  they  occur.  For  the  most 
part  the  polished  or  angular  pebbles,  boulders  or  angular 
blocks  occur  singly,  embedded  in  what  must  have  been  at 
the  time  of  deposition  an  exceedingly  soft,  fine,  homogeneous 
mud,  showing  in  these  beds  scarce  a  trace  of  lamination. 
In  some  places,  however,  they  occur  in  thin  lenticular  patches, 
as  an  irregular  conglomerate  bed.      The  rocks  are  either 
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polished  or  angular ;  the  pebbles  or  blocks  grading  from 
small  pebbles  to  blocks  over  a  ton  in  weight,  principally 
composed  of  various  kinds  of  granite,  gneiss,  quartzite,  mica- 
schist,  slate  and  quartz  rock,  all  being  rocks  foreign  to  the 
locality  in  which  they  are  found.  The  larger  erratics,  cona- 
posed  of  granite  or  quartzite,  generally  occur  singly. 

The  author  refers  to  the  difficulty  of  accounting  for  the 
huge  single  granite  and  quartzite  blocks  found  at  Beltana, 
One  Tree  Point,  Bruni,  Bedlam  Walls  and  Maria  Island, 
weighing  respectively  from  half  a  ton  to  over  a  ton.  They 
could  not  have  been  transported  to  their  present  position  in 
the  original  soft,  muddy  bottom  of  the  ancient  and  compara- 
tively shallow  sea-floor,  and  he  invokes  the  ready  agency  of 
floating  ice.  He  candidly  confesses,  however,  to  the  absence 
of  striae  and  groovings  (Johnstone,  The,  Glacier  Epoch  of  Ausi/ra- 
lasia,  pp.  33-35).     So  much  for  Tasmania. 

In  a  paper  by  Mr.  C.  C.  Brittlebank,  read  at  the  meeting 
of  the  Australasian  Association  held  in  January,  1898,  it 
was  remarked  that  all  the  so-called  Permian  glacial  beds 
in  the  Bacchus  Marsh  district  are  more  or  less  stratified,  in 
which  respect  they  differ  materially  from  the  glacial  till  of 
northern  Europe  (Nature,  Ivii.,  p.  495). 

This  evidence  is  interesting  as  showing  common  conditions 
occurring  at  the  same  horizon  in  India  and  Australia,  but  the 
case  may  be  carried  further,  namely,  to  South  Africa,  where 
Mr.  Blanford,  Dr.  Feistmantel,  Mr.  Oldham  and  others  have 
recognised  the  Ecca  and  Dwyka  strata  as  the  equivalents  of 
these  Australian  and  Indian  beds  both  by  their  animal  and 
vegetable  contents.  Not  only  are  the  debris  of  life  in  these 
beds  identical  with  the  Indian  ones,  but  they  comprise  a 
boulder  bed  composed  of  stones  of  various  sizes  embedded  in 
a  fine-grained  matrix  just  like  that  of  the  Talchirs  (Oeology  of 
India,  second  edition,  pp.  202,  203). 

I  referred  to  some  of  these  beds  as  described  by  Dr.  Suther- 
land in  my  former  work  (Glacial  Nightmare,  pp.  297,  298). 
They  are  further  referred  to  by  Mr.  C.  L.  Griesbach  in  his 
paper  on  the  geology  of  Natal.  He  mentions  the  dark  shaly 
rock  with  large  boulders  of  older  rocks  imbedded  in  it  of  granite, 
gneiss,  slate  and  frequently  of  greenstone ;  the  boulders,  often 
qt  a  very  large  size,  are  embedded  in  a  soft  grit  and  shaly  clay 
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containing  small  particles  of  mica.  ''  The  boulders/*  he  says, 
''  have  not  travelled  very  far,  as  many  of  them  have  kept  their 
angular  shape,  and  seem  to  have  undergone  a  process  of  de- 
composition rather  than  of  roUing/'  He  adds  that  other 
writers  on  this  bed  had  mistaken  it  for  an  igneous  trappean 
rock,  and  he  identifies  it  with  the  claystone  porphyry  of 
Mr.  Bain.  Referring  to  the  grooves  and  furrows  which  Dr. 
Sutherland  had  mentioned  as  occurring  on  the  plateaux  of 
the  Table  Mountain  sandstone,  he  says  that  quite  similar 
grooves  occur  in  great  abundance  on  the  sandstone  of  the 
Ifnmi  river  (Quart.  Joum.  OeoL  Soc.,  xxvii.,  pp.  69, 60).  Similar 
beds  occurring  in  the  Orange  Biver  State  were  again  studied 
by  Stow,  and  his  description  of  them  is  contained  in  his  un- 
published papers  now  deposited  in  the  Natal  Museum.  Pro- 
fessors Bamsay  and  Bupert  Jones  have  partially  abstracted 
these  papers. 

Stow  describes  the  conglomerates  in  question  as  immediately 
underlying  the  olive  shales  of  the  Earoo  series,  the  earliest 
being  thin  lenticular  patches  alternating  with  the  boulders. 

In  1889  Stappf  published  a  paper  on  what  had  been  written 
up  to  that  time  on  the  Dwyka  conglomerate  of  South  Africa 
(Das  Glaziale  Dwyka  Konglomerat  Siid  Afrikas ;  Naturwiss.  Woch, , 
1899),  and  concluded  that  the  evidence  for  a  glacial  origin 
was  not  sufficient.  Among  other  things,  he  remarked  that 
the  scratched  surfaces  could  be  explained  in  other  ways  than 
by  glacial  agency. 

The  South  African  beds  on  this  horizon  have  recently  again 
attracted  attention.  Dr.  Molengrafif,  in  a  paper  on  the  glacial 
origin  of  the  Dwyka  conglomerate  (Trans.  OeoL  Sac.  South 
Africa,  1898,  iv.,  p.  103),  concludes  that  the  phenomena  are 
only  to  be  explained  by  supposing  that  land  ice  traversed  the 
district — thus  showing  how  greatly  doctors  disagree. 

More  lately,  Messrs.  Bogers  and  Schwarz,  in  an  interesting 
paper  on  the  Orange  Biver  ground  moraine,  published  in  the 
Transactions  of  the  Philosophical  Society  of  SotUh  Africa,  xi.,  p. 
113,  etc.,  have  described  the  phenomena  as  presented  at  Prieska 
and  Hope  Tovm.  The  conglomerate  in  which  the  so-called 
glacial  feature  occurs,  say  these  authors,  passes  under  the 
Kimberley  shales  or  the  lowest  sheets  of  dolerite  at  the 
bottom  of  the  shales.    It  consists  of  a  mudstone  ''  contain- 
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ing  numerous  small  fragments  of  various  rocks  and  minerals, 
but  is  on  the  whole  a  fine-grained  hard  mud  with  pebbles  and 
boulders  of  various  sizes  up  to  two  and  a  half  feet  in  diameter 
embedded  in  it.  The  inclusions  are  scattered  through  the 
rock  without  any  definite  arrangement  in  beds,  which  show 
no  signs  of  bedding.  The  pebbles  are  angular,  sub-angular 
and  rounded.  The  edges  of  the  large  boulders  are  always  more  or 
less  rounded.  A  large  proportion  of  the  pebbles  and  boulders 
are  scratched  and  flattened  on  one  or  more  sides  .  .  .  and 
bear  the  closest  resemblance  to  boulders  found  in  the  glacial 
tills  and  moraines  which  are  forming  at  the  present  day. 
The  principal  rocks  out  of  which  the  pebbles  have  been 
formed  are  quartzites  and  hard  jaspery  rocks,  but  granite, 
gneiss,  amygdaloidal  melaphyre,  diabase  and  dolomitic  lime- 
stone are  also  abundantly  represented.  These  all  exist  in 
situ  in  the  Prieska  district  west  of  the  Doom  Bergen.  They 
also  occupy  large  spaces  north  of  the  Orange  Biver  as  Stow 
showed.  They  do  not  include  any  fragments  of  the  post- 
Karoo  dolerite.  .  .  .  The  presence  of  the  conglomerate  is 
always  indicated  by  the  numerous  weathered-out  boulders 
scattered  over  the  veldt,  often  so  abundantly  that  one  cannot 
put  a  foot  down  without  touching  one  or  more  of  them.  Many 
of  these  detached  boulders  show  faint  striae  on  their  flat  sides, 
and  some  of  them  must  weigh  several  hundred  pounds."  About 
thirty  miles  south  of  these  beds  our  authors  refer  to  other  in- 
stances where  the  boulders  are  enclosed  in  a  shaly  matrix  which 
is  distinctly  bedded  **  as  if  they  had  been  dropped  into  their 
positions  by  ice  floating  in  water  covering  a  muddy  bottom  ". 
Our  authors  calculate  the  maximum  thickness  of  the 
conglomerate  at  some  hundreds  of  feet.  They  describe,  in 
addition  to  the  boulders,  beds  of  quartzite  underneath  the 
conglomerate  as  smooth,  rounded  and  covered  with  scratches, 
the  individual  striae  being  two  feet  long  and  covering  each 
other  at  low  angles  with  a  general  bend  north  north-east  to 
south  south-west.  The  northern  sides  of  the  polished  mounds 
are  smoothed,  while  their  southern  faces  are  rough  and  un- 
scratched.  One  such  roche  moutonnee  rises  about  ten  feet 
from  the  veldt,  and  its  long  north  slope  is  about  sixty  feet  in 
length.  A  very  good  photograph  is  given  of  this  feature. 
We  are  further  told  that  isolated  boulders  of  rocks,  foreign 
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to  the  locality,  are  found  scattered  over  the  quart zite  hills,. 
and,  according  to  our  authors,  prove  that  the  whole  area  was 
once  covered  with  conglomerate  I  !  !  In  the  case  of  an  up- 
right wall  of  rock  at  Jackal's  Water  the  face  of  rock  is  polished 
and  scratched,  and  these  features  pass  round  the  edge  of 
the  rock.  ''  It  is  particularly  noticeable  that  the  lower  parts 
of  the  hiUs  alone  show  the  striations.  The  upper  portion 
have  the  very  rough  surface  characteristic  of  the  hard  rocks 
of  this  district  when  exposed  to  great  variations  of  tempera- 
ture  and  unprotected  by  vegetation." 

At  Yilets  Euil,  in  the  division  of  Hope  Town,  again,  a  mass 
of  felsites  and  breccias  rises  above  the  general  level  in  the 
slope  of  low  hills.  The  surface  of  these  beds  also  is  hunmiocky, 
and  the  northern  slopes  of  the  hunmiocks  are  smoothed  and 
striated,  while  the  southern  are  much  steeper  and  rough.  Here, 
again,  only  the  lower  portion  of  the  felsite,  where  it  emerges 
from  the  conglomerate,  has  these  marks.  It  is  unusual  to 
find  the  strisB  preserved  at  a  greater  distance  than  200  feet 
from  the  conglomerate.  Our  authors  remark  that  it  is  only 
the  quartzite  and  compact  felsite  that  bear  these  marks ;  the 
granite,  gneiss,  melaphyre  and  crystalline  limestone  do  not 
show  them,  but  the  inlayers  of  granite  have  the  form  of  rochet 
motUonnees.  I  ought  to  add  that  this  paper  is  illustrated  by 
some  excellent  photographs. 

The  facts  here  mentioned  are  very  interesting  and  curious. 
As  in  India,  only  on  the  other  side  of  the  Line,  the  drift  of  the 
boulders  is  from  the  equator  towards  the  poles,  which  is  a 
curiously  inconsistent  fact  if  the  distribution  of  climate  in 
Permian  times  was  in  any  way  as  it  is  now.  The  fact  of 
the  beds  being  in  so  many  of  the  locaUties  stratified,  also 
shows  that  they  were  laid  down  under  water,  and  precludes 
the  notion  of  an  ice-sheet. 

Let  us  move  on,  however.  Recently  evidence  has  been 
forthcoming  that  beds  at  the  same  horizon  and  marked  by 
the  same  fossil  plants  occur  also  in  South  America,  and  that 
similar  beds  occur  especially  in  Argentina,  containing  Gond- 
wana  plants,  as  shown  in  a  paper  by  Dr.  Kurtz,  translated  in 
the  Records  of  the  Oeographical  Survey  of  India  (Nature,  17th 
October,  1895). 

In  a  letter  from  Orville  A.  Derley  to  Dr.  Waagen,  on  a 
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Carboniferous  period  in  South  America,  published  in  the 
^cwes  Jahrbuch,  1888,  vol.  ii.,  pp.  172-176,  he  tells  us  how 
he  had  found  in  the  province  of  Parana  rounded  fragments 
ranging  in  size  from  a  man's  fist  to  four  times  the  size  of  a 
man's  head  buried  in  an  extremely  fine  clay  shale ;  also,  in 
the  province  of  Itu,  on  the  river  Juli,  in  Itapetininga,  and  many 
other  localities,  in  an  extraordinarily  fine-grained  sandy  shale, 
isolated  round  blocks,  a  foot  and  a  half  or  more  in  diameter, 
of  granite,  gneiss,  etc.  On  the  Capavery  river,  boulders  over 
a  metre  in  diameter  were  discovered  resting  in  a  matrix  of 
carboniferous  clay  shale.  No  striations  were  observed  {Ameri- 
can Oeologisty  iii.,  p.  320). 

Mr.  J.  Geikie  does  not  disguise  from  himself  the  difficulty 
of  accounting  for  a  glacial  period  in  Central  India,  and  only 
20""  from  the  equator,  while  in  Africa  the  similar  phenomena 
are  only  30''  from  it.  He  speaks  of  it  as  presenting  a  very  hard 
nut  to  crack,  since  it  would  point  to  the  existence  of  a  more 
extensive  and  severe  glaciation  than  that  of  pleistocene  times. 
But  he  hardly  lays  enough  stress  on  the  actual  difficulty. 
The  case  is  put  more  pointedly  by  Mr.  Oldham.  He  says 
^'  the  remains  of  this  carboniferous  glacial  period,  so  conspic- 
uous in  India,  Africa  and  Australia,  all  lie  within,  or  only  just 
beyond,  30°  from  the  equator.  The  furthest  from  the  equator 
lie  in  latitudes  where  the  last  glacial  period  of  pleistocene 
times  has  left  but  few  traces  at  low  altitudes,  and  those 
of  a  somewhat  doubtful  character,  while  most  of  the  remains 
are  in  latitudes  to  which  the  ice  of  the  pleistocene  glacial 
period  never  penetrated,  and  many  are  well  within  the  tropics. 
Not  only  so,  but  the  corresponding  deposits,  not  merely  of  the 
temperate  zone  in  Europe  and  America,  but  even  within  the 
Arctic  circle,  in  which  one  would  expect  the  traces  of  this 
cold  period  to  be  more  abundant,  more  extensive  and  more 
conspicuous,  are  almost  free  from  traces  of  glacial  action."  He 
then  speaks  of  the  very  sporadic  character  of  the  boulders  from 
Enghsh  carboniferous  rocks  as  if  they  lay  in  a  latitude  which 
was  near  the  limit  of  floating  bergs.  It  is  not  merely  the  fact 
that  the  phenomena  quoted  from  the  Permian  beds  occur  in 
low  latitudes,  while  they  are  apparently  absent  from  high  ones, 
which  makes  them  striking,  but  the  further  fact  that  they  ap- 
parently occur  in  a  belt  about  the  equatorial  region  and  not  in 
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the  temperate  and  Arctic  regions.  The  arrangement  of  these 
beds  in  an  equatorial  belt  puts  out  of  court  all  explanations  of 
their  being  dependent  upon  astronomical  changes  of  climate. 

Mr.  Oldham,  who  presses  this  view,  is  nevertheless  em- 
barrassed, because  he  is  an  adherent  of  the  glacial  theory, 
although  a  very  moderate  one.  He  therefore  falls  back  on 
the  old  notion  of  a  change  in  the  position  of  the  earth's  axis. 
This  is,  we  have  shown,  absolutely  inadmissible  on  physical 
grounds ;  but  if  it  were  otherwise  admissible,  how  we  are  to 
explain  the  Permo-Carboniferous  beds  and  the  equatorial  belt 
they  form  as  the  result  of  the  culmination  of  terrestrial 
cold  at  two  fresh  poles  of  the  earth  instead  of  the  present 
ones  I  cannot  understand.  The  difficulty  would  be  just  as 
great  as  it  is  now,  wherever  we  put  the  poles. 

No  shifting  of  the  earth's  ajds,  nor  any  other  physical  cause 
known  to  me,  nor  any  unknown  to  me,  which  did  not  steep 
the  whole  world  in  snow  and  frost  and  strip  it  of  every  form 
of  life  which  is  not  glacial  would  cause  an  ice  age  to  occur 
about  the  earth's  waist  in  this  fashion ;  and  if  it  did  so,  the 
contemporary  beds  in  higher  latitudes  ought  to  show  traces 
of  it — which  they  do  not.  If  we  discard  the  notion  of  a  general 
ice  age  and  fall  back  upon  local  glaciers,  we  shall  not,  so  far 
as  I  can  see,  be  any  better  off.  Local  glaciers  cannot  explain 
the  phenomena  in  India,  where  the  stones  have  travelled  over 
700  miles ;  nor  will  they  explain  the  phenomena  anywhere, 
since  the  stones,  so  far  as  we  know,  in  these  various  cases 
have  not  been  distributed  sporadically,  but  in  a  definite  direction. 

Again,  in  order  to  have  such  glaciers  in  the  very  tropics  we 
should  require  very  big  mountains,  like  Mount  Kenya  or  Kili- 
manjaro, or  we  should  not  get  any  permanent  snow  to  feed 
them.  But  how  are  high  mountains  to  explain  beds  whose 
stratification  in  many  places  shows  them  to  have  been  laid 
down  under  water ;  and  how,  by  any  process,  are  we  to  recon- 
cile ice  in  the  form  of  either  ice-sheets  or  glaciers  or  icebergs 
(which  last  would  need  great  ice  nurseries  on  the  land  to  feed 
them)  with  the  mollusca  and  plants  in  these  beds  ? 

It  seems  to  me,  therefore,  as  plain  as  can  be  that  the  Permo- 
carboniferous  beds  do  not  testify  to  the  existence  of  an  ice 
age  when  they  were  deposited.  It  seems,  in  fact,  plain  that 
we  must  in  the  case  of  these  beds  turn  to  some  other  cause 
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than  ice  to  explain  their  idiosyncrasies.  The  fact  is  that 
their  real  lesson  has  been  misread.  They  not  only  teach 
us  that  certain  phenomena  which  have  been  supposed  to 
mark  a  glacial  age  in  Permo-Garboniferous  times  do  not  do 
so,  but  that  similar  phenomena  in  Pleistocene  times  do  not 
need  the  monstrous  postulate  of  an  ice  age  to  explain  them, 
either.  I  hold  that  these  beds,  instead  of  testifying  to  the 
existence  of  an  ice  age  in  far-off  Permian  times,  testify  in  fact 
the  other  way,  and  show  that  we  have  been  pursuing  a  fan- 
tastic cause  when  we  have  appealed  to  ice  at  all  to  explain 
the  Drift  and  similar  beds  at  a  later  horizon.  What  explains 
one  phenomenon  will  probably  explain  the  other ;  and  what 
seems  plain  is  that  if  an  ice  age  is  unavailable  in  the  one  case 
it  raises  a  strong  a  priori  presumption  against  its  being  avail- 
able in  the  other. 

Let  us  now  consider  a  third  and  cognate  class  of  evidence, 
which  seems  to  create  still  another  a  priori  case  against  the 
glacial  theory,  namely,  the  existence  in  the  tropics  of  a  series 
of  facts  dating  not  from  remote  Permian  times  but  from  the 
very  latest  geological  age,  if  not  actually  resulting  from  current 
causes,  which,  hke  some  of  the  Permian  phenomena,  simulate 
very  closely  the  features  of  the  Drift,  but  which  we  cannot, 
without  doing  a  grave  injustice  to  all  probability,  suppose  to 
have  ice  for  their  originator,  since  they  occur  in  the  torrid 
latitudes  of  the  world.  I  have  referred  to  these  effects  gener- 
ally in  my  former  work,  and  argued  that  they  are  not  to  be 
accepted  as  evidence  of  a  general  tropical  glaciation  as  Agassiz 
and  Belt  would  have  maintained  if  they  had  been  here,  and 
as  I  believe  my  friend  Mr.  Blanford  still  maintains  in  spite  ■ 
of  the  opposition  of  the  great  mass  of  geologists.  I  am  now 
referring  to  the  same  facts  for  another  purpose  altogether, 
namely,  as  proving  that  if  these  phenomena  are  to  be  explained 
not  as  the  result  of  ice  action  but  of  something  else,  it  is 
reasonable  and  rational  that  we  should  explain  the  drift  beds 
of  our  latitudes  by  the  same  cause. 

In  my  former  work  I  condensed  the  account  given  by  Mr. 
Belt  of  his  experiences  in  Nicaragua,  where  he  claims  to  have 
found  unstratified  drift,  200  feet  in  depth,  consisting  of  quartz 
sand  enclosing  angular  and  subangular  boulders  of  quartz^ 
etc.     Many  of  these  boulders  are  very  large,  some  fifteen  r 
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feet  across,  and  some  have  travelled  quite  eight  miles  from 
their  original  site.  He  mentions  a  ridge  1,200  feet  high 
composed  entirely  of  boulder  clay,  full  of  angular  and  sub- 
angular  blocks  of  stone  of  various  sizes  up  to  nine  feet  in 
diameter.  "This  boulder  clay,"  he  says,  "extends  all  the 
way  from  San  Bafael,  and  ranges  of  hills  appeared  to  be  com- 
posed entirely  of  it."  He  noticed  rounded  and  smoothed 
masses  of  rock,  moraine-like  accumulations  of  unstratified 
sand  and  gravel  and  far-transported  boulders.  He  noticed  no 
scratches,  but  this  he  attributes  to  the  weathering  of  the  rocks 
(T^e  'NaVwraXiAt  in  NicaragtMf  passim,  and  OUicial  Nightmare,  etc., 
pp.  274-278). 

Belt's  account  of  the  Nicaraguan  phenomena  was  confirmed 
in  1891  by  J.  Crawford  in  a  paper  published  in  the  eighth 
volume  of  the  American  Otologist,  p.  306.  He  says  that  none 
of  the  mountain  ranges  in  Nicaragua  rise  to  the  altitude  of 
the  frost  Une,  and  only  four  have  peaks  whose  highest  points 
are  6,500  feet  above  the  Pacific.  The  average  height  of  the 
Cerros  in  that  country  is  about  2,800  feet. 

Crawford  describes  how  in  a  valley,  through  which  flows 
the  Chomeha  river,  he  found  many  moutonn^  masses  of 
granite  and  striated  and  poHshed  masses  and  large  flat  loose 
rocks  striated  from  one  and  a  half  to  two  inches  deep  in  hues 
paraUel  with  the  flow  of  the  creek.  Near  the  termination  of 
the  cadon,  and  extending  across  the  valley  to  the  Bio  Seibeta, 
are  several  mounds  and  hills  composed,  so  far  as  examined, 
of  unstratified  deposits  of  clay  and  sands  containing  rough 
and  smooth-edged,  large  and  small  rocks  and  pebbles  indiscri- 
minately mingled.  From  each  hill  there  projects,  in  the 
direction  of  the  Bio  Seibeta,  a  ridge  apparently  composed  of 
the  same  materials  as  the  hills.  These,  says  Crawford,  would 
undoubtedly  be  designated  *'  moraines  "  in  Minnesota,  New 
York  or  Canada. 

Of  another  canon  valley,  called  the  Tungla,  he  says : 
'*  Smooth  oval-surfaced  areas  and  deeply-striated  masses  of 
rock  are  frequently  visible  in  and  near  the  bed  of  the  small 
stream  flowing  through  the  valley.  Only  a  few  scattered 
hills  and  ridges,  but  partially  examined,  were  composed  of 
unassorted  deposits  of  boulders,  rock  fragments,  sand  and  clay, 
but  these,  in  some  parts  of  the  ridges,  were  cemented  together. 
II.  ^ 
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"  On  the  Pacific  side  of  the  Cordillera,  in  Nicaragua,  the 
mountains  terminate  in  a  large  mesa  named  Totumbla,  across 
whose  summit  runs  a  shallow  valley  about  two  miles  wide, 
on  which  are  exposed  at  several  places  large  masses  of  rock 
having  smooth  rounded  surfaces  and  measuring  50  to  200 
feet  long.  Some  of  these  masses  are  polished.  Near  the 
edge  of  this  valley  are  numerous  flat,  striated  boulders  and 
loose  striated  rocks  of  local  origin.  The  most  nxmierous 
striae  are  parallel  with  the  general  direction  of  the  valley. 
This  mesa  is  3,260  feet  above  the  sea  level.  ...  At  the 
lower  end  of  the  caiLon,  which  runs  into  the  Eio  Veijo,  are 
numerous  hills  and  knolls,  many  of  them  having  long  con- 
nected ridges  that  extend  far  into  the  valley.  Those 
examined,  and  probably  all  of  them,  are  composed  of  irregu- 
larly mixed  unstratified  rocks,  clays,  pebbles  and  sands, 
•cemented  in  some  places  by  iron  oxides  and  elsewhere  but 
partly  hardened." 

Crawford  then  goes  on  to  refer  to  the  similar  phenomena 
previously  described  by  Belt  and  occurring  between  Ocotal 
and  Depilto,  and  consisting,  as  he  says,  of  such  apparent 
evidences  of  glaciers'  work  as  striated  boulders,  deposits  of 
sands,  clays,  pebbles  and  rocks,  generally  appearing  to  be 
unassorted.  But  in  some  parts,  he  adds,  they  appear  stratified, 
not  as  deposits  made  by  recent  floods,  having  well-defined 
lines  of  separation,  but  as  if  made  uninterruptedly  and  at  the 
same  time  with  the  other  large  masses  of  (so  far  as  examined) 
unassorted  deposits.  He  concludes,  after  several  examinations 
extending  over  four  months,  that  these  deposits  are  moraines. 
Several  large  knolls  and  hills  north  of  the  village  of  San 
Bafael  del  Norte,  each  from  150  to  600  yards  long,  declim'ng 
into  the  Bio  San  Bafael  del  Norte,  were  composed,  as  far 
as  his  observation  extended,  of  the  unassorted,  unstratified 
fragments  of  rocks  and  pebbles ;  some  rough,  others  smooth- 
edged  ;  all  embedded  in  sands  and  clays.  In  some  places  the 
sands  and  in  other  the  clays  were  in  excess.  These  also  were 
described  by  Belt  as  moraines. 

Crawford  confesses  that  the  watershed  of  the  three  rapid 
rivers  Segovia,  Depilto  and  Maculeso  is  quite  large,  and  in 
flood  time  they  transport  large  boulders  for  long  distances, 
that  there  are  evidences  that  a  part,  if  not  all,  of  the  valley 
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has  been  overflowed,  and  that  he  found  many  loose  boulders 
on  the  side  of  the  mountain  of  Cerro  Talli,  too  many,  as  he 
thought,  to  have  remained  in  such  places  after  a  glacier  had 
moved  over  them. 

The  only  trace  of  a  colder  climate,  which  was  attested  by 
the  biological  evidence,  was  the  presence  of  Pirms  sylvestris 
and  other  cold  climate  conifers  (dwarfish)  on  some  of  the 
highest  mountains  of  northern  Nicaragua.  In  order  to  ex- 
plain the  glaciers,  Crawford  argues  that  at  the  time  a 
Nicoraguensian  continent  extended  eastwards  about  1,500 
miles  farther  than  at  present  over  the  north  and  middle 
part  of  the  area  now  occupied  by  that  part  of  the  Caribbean 
Sea  east  from  the  Nicaragua  coast  to  the  Atlantic  Ocean  at 
about  the  sixtieth  degree  meridian  west  of  Greenwich.  He 
also  refers  to  the  evidences  of  upheaval  and  subsidence  in 
pleistocene  times  furnished  by  the  features  of  the  country. 

These  facts  have  been  a  great  stumbling-block  to  many 
people,  and  not  least  to  the  champions  of  the  glacial  night- 
mare. To  suppose  that  great  ice-sheets  existed  in  the  hottest 
parts  of  the  new  continent,  and  came  down  to  within  2,000 
feet  of  the  present  sea  level,  when  we  remember  the  very 
tropical  vegetation  and  the  very  tropical  animal  life  existing 
in  this  district,  and  which  must  have  lived  through  such  con- 
ditions, seems  quite  incredible.  The  first  impulse,  and  one  to 
which  I  myself  gave  way,  was  to  attribute  the  phenomena 
described  by  Belt  to  enormous  local  glaciers ;  but  this  does 
not  conmiend  itself  to  me  now.  It  seems  very  plain  that 
such  results  as  are  described  by  Belt  are  unmatched  by  any- 
thing in  the  shape  of  glaciers  known  to  us,  and  are  especially 
incompatible  with  glaciers  in  low  latitudes ;  and  even  if  they 
were  so  compatible,  they  would  involve  the  postulate  of  such 
vast  moimtains  existing  in  Central  America  at  this  time,  in 
spite  of  much  evidence  to  the  contrary,  that  they  would 
appear  to  be  entirely  out  of  court.  That  the  phenomena  in 
question  are  closely  related  in  kind  and  degree  to  those  of  the 
Drift  of  higher  latitudes  I  am  quite  disposed  now  to  admit. 
But  from  this  I  draw  the  conclusion,  not  that  there  was  an 
ice  age  in  Central  America,  but  that  the  facts  presented 
equally  by  the  Nicaraguan  deposits  and  those  of  the  Drift 
must  be  explained  by  some  other  cause  than  that  of  ice.     The 
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very  fact  of  ice  on  a  vast  scale  being  an  impossible  postulate 
in  Central  America  raises  a  very  strong  presumption,  in  fact, 
that  it  was  some  other  cause  which  produced  the  effects  so 
persistently  attributed  to  ice  elsewhere. 

Nicaragua  is  not  the  only  part  of  the  tropical  New  World 
where  phenomena  of  a  similarly  ambiguous  kind  have  been 
observed.  Long  ago,  as  I  mentioned  in  my  former  work,. 
Schomburgk  called  attention  to  the  presence  of  very  large 
erratics  in  an  even  hotter  and  more  tropical  district,  namely, 
British  Guiana. 

That  writer,  in  his  account  of  British  Guiana,  pubUshed 
in  1840,  speaks  of  a  peculiar  feature  of  the  country  being^ 
large  tracts  of  boulders,  mostly  of  granite,  more  or  less  ac- 
cumulated in  particular  places,  sometimes  with  great  confusion,, 
and  which,  wherever  they  traverse  the  rivers,  form  rapids  and 
cataracts.  They  assume  their  grandest  features  in  the  tract 
which  is  called  Achra  Monera,on  the  river  Essequibo,  in  latitude 
4**  20'.  Further  on  he  speaks  of  the  Comuti  or  Toquian, 
consisting  of  a  huge  boulder  of  granite,  surpassing  in  size  the 
celebrated  pedestal  of  the  statue  of  Peter  I.  On  this  rests, 
an  oval  piece  of  granite,  which  bears  a  third  in  the  shape  of 
a  jar ;  it  is  covered  by  a  fourth  (op.  cti.,  pp.  8-10). 

The  same  writer  {Tra'M,  Oeog.  8oc.,  1841,  voL  x.)  describes 
how  he  saw  these  great  masses  of  transported  boulders  lying 
on  the  sedimentary  beds  in  a  region,  says  Murchison,  on 
which  no  glaciers  could  ever  have  existed.  Schomburgk  tells 
us  he  passed  near  Pukasanti  numerous  erratic  blocks  of  gneiss 
contorted  in  a  very  remarkable  manner  and  with  large  frag- 
ments of  quartz  embedded  in  them.  One  of  these  blocks  was 
large  enough  for  some  hundreds  of  men  to  have  encamped 
on  it  (op.  cU.,  p.  162).  In  travelling  across  several  streamlets 
flowing  into  the  Guidaru,  he  says :  "  At  times  we  came  upon 
large  tracts  or  bands  200  yards  wide,  in  a  west  by  north 
direction,  of  angular  pieces  of  quartz,  as  regularly  placed  as 
if  laid  for  paving ;  at  other  times  we  crossed  a  track  of  granite 
boulders  laid  in  the  same  direction,  and  at  a  distance  resem- 
bling fortifications.  Near  one  of  the  most  irregular  of  these 
erratic  blocks,  named  Scai,  the  last  cacique  of  the  Caribs,  the 
celebrated  Mahanarva,  had  lived.  The  settlement  of  Water 
Tecaba  is  placed  in  the  midst  of  granite  boulders  "  (ihid.,  p> 
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166).  Further  on  he  speaks  of  passing  numerous  blocks  of 
greenstone,  etc. 

If  the  facts  in  Nicaragua  are  difficult  to  explain  by  ice, 
how  are  we  to  explain  these  mentioned  by  Schomburgk  within 
five  degrees  of  the  equator  on  low  savannahs,  and  with  only 
low  hills  within  any  accessible  distance  ?  Ice  is  as  likely  to 
have  transported  the  great  stones  in  this  locality  as  it  is  to 
have  smoothed  the  sandy  wastes  of  the  fiery  deserts  of  Arabia 
and  Africa.  Phenomena  of  a  cognate  kind  have  been  re- 
ported from  Jamaica,  which  I  described  in  my  former  work 
(Glacial  Nightmare^  p.  499). 

Let  us  now  turn  from  the  New  World  to  the  Old,  and  first 
in  regard  to  Africa.  As  long  ago  as  1866  Signor  E.  Lombar- 
dini  published  a  paper  on  ''  Traces  of  the  Glacial  Period  in 
Central  Africa  "  (Bend.  ddV  J.  B.  1st,  Lombardo  di  Scienze^  etc., 
1866,  vol.  iii.,  and  Gicm,  delV  Arch,  ed  Agron  xiv,,  vol.  xiv.). 
In  the  former  paper  Lombardini  quotes  the  Saggeo  Idrolieo 
nel  Nilo  and  its  two  appendices  (p.  85).  I  have  read  the  paper, 
and  the  whole  conclusion  seems  based  on  the  postulate  that 
the  Central  African  lakes,  whence  the  Nile  springs,  were 
formerly  much  larger,  and  that  the  great  depression  which 
exists  in  Central  Africa  points  to  much  greater  erosion,  and 
therefore  to  much  greater  evaporation,  and  therefore  to  a 
glacial  epoch  in  Central  Africa  in  old  days.  This  argument 
leading  up  to  these  conclusions  of  the  paper  seems  to  me 
quite  absurd — but  then  I  am  not  a  glacial  champion. 

Farther  north,  but  still  under  a  latitude  less  than  about  SS"" 
north,  Mr.  Shaw  described  great  boulder  beds  as  existing  partly 
on  the  flanks  and  partly  in  the  upper  valleys  of  the  Atlas.  The 
two  sets  of  phenomena  seem  to  differ  in  kind  and  origin.  "  The 
former  began,"  he  says,  "  to  appear  in  the  form  of  scattered 
blocks  of  red  sandstone,  remarkable  for  their  large  average  size, 
many  of  them  being  ten  or  twenty  cubic  yards  in  contenta"  "  At 
the  mouth  of  one  of  the  valleys,'*  continues  Mr.  Shaw,  "  we 
suddenly  came  upon  a  huge  development  of  these  red  sandstone 
boulder  beds  as  great  ridge-hke  and  very  symmetrical  masses, 
with  terminal  faces  300  or  400  feet  high,  and  intermixed  with 
but  a  very  small  proportion  of  fine  matter."  Following  the 
escarpment  which  boimds  the  valley,  he  says, "  below  it  the  great 
boulder  beds  still  occur  in  great  masses,  not  resting  directly 
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against  the  eecarpment,  but  as  isolated  moTmds  200  or  300  feet 
in  advance,  sloping  down  towards  the  escarpment  in  one  direc- 
tion and  in  the  other  rolling  away  in  great  wave-like  ridges 
and  undulating  sheets,  which  terminate  at  a  well-marked  hne 
of  demarcation,  just  where  the  level  portion  of  the  plain  com- 
mences. I  measured  by  aneroid  the  height  of  these  mounds, 
and  at  one  point  the  summit  was  3,950  feet  above  the  sea 
level,  from  which  they  spread  down  uninterruptedly  to  the 
edge  of  the  plain,  nearly  2,000  feet  below.  .  .  .  They  look 
like  a  row  of  pyramidal  tali  resting  against  the  face  of  the 
escarpment,  as  if  they  had  been  cast  down  from  its  edge  on 
to  the  plain.  In  internal  structure  the  boulders  are  arranged 
in  layers,  sloping  away  from  the  escarpment  towards  the  plain, 
and  on  a  nea/rer  view  it  is  seen  that  the  individtud  moimds  are  not 
connected  with  channels  or  valleys  breaking  through  the  escarpment. 
.  .  .  The  depression  between  the  escarpment  and  the  drift 
mounds  is  a  remarkable  feature,  and  suggests  an  entire  change 
of  conditions  since  the  boulder  beds  were  deposited." 

What  resemblance  there  is  here  to  glacier  phenomena  I  do 
not  know ;  and  it  requires  some  courage  to  postulate  the  exist- 
ence of  glaciers  which  did  not  deposit  moraines  of  hetero- 
geneous "muck"  (to  use  the  American  phrase),  but  only 
clean  blocks  of  sandstone,  etc.,  at  an  elevation  of  only  2,000 
and  3,000  feet,  where  there  is  now  no  perpetual  snow  at  all. 

EQgher  up  the  Atlas,  and  at  the  heads  of  the  valleys,  Shaw 
speaks  of  unquestionable  moraines  commencing  at  an  altitude 
of  6,000  feet  at  the  village  of  Eitmasan,  in  the  province  of 
Beria,  where  he  met  with  a  gigantic  ridge  of  porphyry  blocks 
having  a  terminal  angle  of  repose  of  between  800  and  900  feet 
in  vertical  height  and  grouped  with  several  other  mounds  and 
ridges  of  similar  scale  all  composed  of  great  masses  of  rock 
with  httle  or  no  admixture  of  small  fragments  and  completely 
damming  up  the  steep  ravine  and  retaining  behind  it  a  small 
alluvial  plain  6,700  feet  above  the  sea  level.  "We  failed," 
he  says,  "  to  detect  any  scratched  blocks  or  struB,  but  that  these 
ridges  are  true  glacial  moraines  no  one  who  has  seen  them 
and  compared  them  with  other  glacial  phenomena  would  for  a 
moment  doubt "  !  !  ! 

Similar  beds  to  those  on  the  north  flank  of  the  Atlas  range 
are  also  described  from  the  south  of  the  range  by  M.  Grad. 
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He  says  he  found  them  at  the  entrance  to  the  gorge  of  El 
Eantara,  but  he  noticed  no  moraines  or  striated  stones.  Simi- 
lar deposits,  which  he  calls  moraines,  were  seen  by  M.  Maupas 
near  Blidah,  which  Grad  mentions,  and  he  also  says  that 
Leblanc  had  noticed  erratic  blocks  in  the  same  district  in  the 
Bulletin  for  1838  and  1889.  In  the  discussion  which  followed 
the  reading  of  M.  Grad's  paper,  M.  Mares  said  "  que  les  amas 
de  maUriaux  de  transport  signaHs  aux  environs  de  Blidah  lui 
paraissent  des  c&nes  de  dejection  de  torrents,  nota^nment  de  VOued 
d  KMr  ;  U  ne  peut  y  voir  des  moraines  *'  (BulL  Geol,  Soc,  of 
France,  1873,  p.  87).  This  is  a  good  test  of  the  value  of  the 
other  testimony  about  the  occurrence  of  so-called  glacial 
effects  in  the  Atlaa  The  effects  are  no  doubt  there,  but  to 
call  in  ice  to  explain  them  under  the  conditions  named  seems 
merely  fantastic.  I  shall  revert  to  this  and  other  cases  of 
supposed  glacial  action  in  low  latitudes  presently. 

Mr.  Blanford,  in  describing  the  vast  beds  of  loose  de- 
posits which  cover  so  much  of  the  land  in  Persia,  says  the 
deposit  must  be  very  great  since  hills  of  soUd  rock  but  rarely 
emerge  from  it.  The  greater  part  of  it  on  the  slopes  consists 
of  sand  or  pebbles,  tl^e  latter  more  or  less  angular  and  mixed 
with  large  blocks,  all  derived  from  the  adjacent  hills.  Frag- 
ments two  or  three  feet  in  diameter  are  not  uncommon  even 
at  a  distance  of  a  mile  or  two  from  the  base  of  the  hills,  but 
he  says  he  only  noticed  them  where  small  streams  issue  from 
the  higher  ranges.  At  higher  elevations  there  is  a  covering  of 
gravel  and  clay  with  boulders.  In  describing  these  beds  Mr. 
Blanford  makes  the  significant  comment  that  although  large 
blocks,  some  as  much  as  two  feet  in  diameter,  were  common 
in  the  higher  deposits,  he  could  find  no  such  angular  fragments 
as  usually  characterise  a  boulder  clay,  all  the  pebbles  and 
boulders  being  more  or  less  rounded.  In  most  cases  the 
deposits  were  destitute  of  stratification,  but  in  places  they 
were  distinctly  bedded,  and  in  one  instance,  not  far  from 
Earmiln,  have  been  much  disturbed  {Quart.  Journ,  Geol,  Soc, 
xxix.,  p.  493,  etc.). 

In  regard  to  Peninsular  India  the  evidence  seems  plain. 
In  the  Manual  of  Indian  Geology  we  read  of  that  district : 
''  There  is  no  physical  evidence,  so  far  as  is  known,  of  a  geo- 
logically recent  cold  epoch,  and  some  geologists  have  doubted 
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whether  India  was  affected  by  the  glacial  period  "  {jyp.  cit, 

p.  14). 

Again,  speaking  of  the  indications  of  a  colder  period  in  the 
Peninsula,  the  writers  of  that  work  say  *'  they  do  not  point  to 
a  sufficient  diminution  of  temperature  of  the  Himalayas  to 
make  it  probable  or  even  possible  that  there  should  be  any 
actual  physical  proofs  of  the  glacial  period  having  been  felt 
in  the  peninsula  *'  {ibid.). 

In  regard  to  the  Himalayas,  on  the  other  hand,  the  same 
writers  (one  of  whom  by  the  way  is  a  strong  adherent  of  the 
glacial  nightmare  in  its  extreme  form)  tell  us  that  there  is  every- 
where abundant  evidence  of  the  glaciers  having  extended  to 
lower  levels  than  they  reach  now.  And  again  we  read  :  "  The 
positive  and  unmistakable  proofs  of  a  period  colder  than  the 
present  are  sufficient  to  enable  us  to  discard  all  the  more  doubt- 
ful evidence,  and  more  recent  investigations  have  shown  that  it 
cannot  be  attributed,  as  was  once  suggested,  to  a  lower  general 
elevation  of  the  Himalayas  than  they  now  attain  "  (ibid.). 

This  brave  statement,  I  am  bound  to  say,  is  hardly  supported 
by  such  evidence  as  one  would  have  expected.  On  page  484  of 
the  same  work  we  read  that  "  the  Himalayan  glaciers  never 
spread  over  the  low  grounds  in  great  ice-sheets  Uke  those  of 
Europe  " ;  and  again, "  in  the  Eangra  valley  there  is  good  reason 
to  suppose  that  the  glaciers  once  reached  to  below  2,000  feet 
above  the  sea,  and  the  erratics  of  the  Potwar  show  that  ice  in 
large  quantities  was  not  unknown  there  at  one  time."  These 
are  the  only  facts  forthcoming  so  far  as  I  can  see,  and  they 
are  rather  hypotheses  than  facts.  There  is,  in  addition, 
an  obiter  dictum^  directed  against  myself,  in  which  we  are 
told  that  it  is  impossible  for  anyone  who  has  studied  the 
action  of  subaerial  denudation  not  to  see  that  the  forms  of 
the  hills  and  their  intervening  valleys  are  due  to  the  action  of 
rain  and  rivers  aided  by  frost ;  while  we  are  told  that  a  cer- 
tain photograph,  which  forms  the  frontispiece  to  the  volume, 
shows  to  the  initiated  eye  that  the  shape  of  the  mountain  is 
due  to  the  disintegration  of  the  rock  by  frost  and  the  removal 
of  the  debris  from  the  hollows  by  streams  and  glaciers,  and  not 
to  any  disruptive  force.  In  regard  to  mountains  and  valleys 
being  the  handiwork  of  frost,  rain  and  rivers,  I  have  said 
enough  in  the  previous  chapters.     To  me  the  notion  is  as 
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reasonable  as  that  warm  water  and  a  sponge  excavated  them 
lx)th.  In  regard  to  the  "  initiated  eye,"  I  take  it  to  mean  an 
eye  properly  initiated  into  the  mysteries  and  vagaries  of  glacial 
geology — i.e.,  a  glacial  eye,  which  I  have  not  unfortunately 
got,  nor  have  I  been  able  to  borrow  any  spectacles  from  those 
who  always  see  ice  everywhere,  to  suit  my  sight.  That  the 
corroded  surface  of  the  mountain  may  be  due  to  erosion  is 
probable ;  that  the  mountain  was  itself  cut  out  and  shaped 
by  such  means  is  to  me  impossible. 

On  the  main  question  I  prefer  to  quote  another  observer  of 
great  experience,  who  has  an  initiated  eye.  Mr.  Griesbach 
says  that "  during  years  of  observation  he  failed  to  find  striated 
and  polished  boulders  in  the  moraines  of  the  Himalayan 
glaciers,  while  the  bounding  rock  walls  of  the  glacier  valleys 
do  not  show  the  smooth  and  rounded  surfaces  usually  seen  in 
other  regions  "  {Oeol.  Mag.,  1892,  p.  269).  That  is  enough  for 
me. 

The  evidence  from  India,  therefore,  is  not  very  hopeful  for 
those  who  think  the  Ice  £jng  once  put  his  arms  round  the 
waist  of  our  mother  Earth.  One  more  case  must  suffice,  and  it 
is  from  a  notable  place,  namely,  the  Azores.  ''  At  my  request," 
says  Darwin,  "  Sir  C.  Lyell  wrote  to  Mr.  Hastings  to  inquire 
whether  he  had  observed  erratic  boulders  on  these  islands, 
and  he  answered  that  he  had  found  large  fragments  of  granite 
and  other  rocks  which  do  not  occur  in  the  Archipelago  " 
{Origin  of  Spedes,  p.  441).  These  erratics  are  surely  a  serious 
difficulty  for  those  who  claim  such  stones  as  the  best  evidence 
of  ice  portage.  How  can  we  invoke  ice-sheets  or  glaciers  in 
the  Azores,  or  xmderstand  how  icebergs  could  sail  over  those 
islands  whose  fauna  and  flora  prove  that  they  have  been  above 
the  sea  so  long  ?  Surely,  Uke  the  granite  blocks  on  the  cliffs  of 
South  Australia,  they  testify  to  some  other  portage  than  that 
of  ice ;  and,  in  doing  so,  they,  hke  the  other  phenomena  here 
quoted,  strengthen  the  contention  of  those  who  attribute  the 
phenomena  of  the  Drift  to  some  other  cause  than  a  glacial 
age,  and  they  thus  create  another  powerful  a  priori  argument 
in  their  favour. 
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CHAPTEE  XI. 

THE  BIOLOGICAL  EVIDENCE  ABOUT  THE  SO-CALLED  ICE  AGE 
AND  THE  QUESTION  OP  INTERGLACIAL  PERIODS. 

"  We  might  expect  that  as  we  come  close  upon  living  nature  the  oharaoten 
of  our  old  records  would  grow  legible  and  clear ;  but  just  when  we  begin  to 
enter  on  the  history  of  the  physical  changes  going  on  before  our  eyes,  and  ia 
which  we  ourselves  bear  a  part,  our  chronicle  seems  to  fail  us — a  leaf  has 
been  torn  out  from  nature's  book,  and  the  succession  of  events  is  almost 
hidden  from  our  eyes." — Sedgwick. 

When  Croll  formulated  the  theory  by  which  he  made  his 
great  ice  age  extend  over  a  whole  cycle  of  years,  from 
240,000  B.C.  to  80,000  B.C.,  he  urged  that  such  an  age 
necessarily  included  several  minor  periods  involving  alter- 
nations of  cUmate,  and  hence  he  introduced  the  notion  of 
interglacial  periods.  The  notion  does  not  seem  to  have 
occurred  to  geologists  before,  but  a  considerable  number  of 
them  now  followed  the  lead  of  Croll,  and  interglacial  periods 
became  a  favourite  expression  with  them,  and  especially  with 
the  champions  of  a  glacial  age  who  belonged  to  the  Geo- 
logical Survey ;  and,  what  is  rather  curious,  a  notion  which 
was  originally  started  in  order  to  support  the  astronomical 
theory  of  an  ice  age,  and  which  would  hardly  have  occurred 
to  geological  students  unless  pressed  by  the  necessity  of 
supporting  that  prime  postulate  of  so  many  so-called  uni- 
formitarian  geologists,  has,  with  some  writers,  apparently 
survived  the  astronomical  theory  and  is  maintained  for  its 
own  sake.  In  my  Glacial  Nightmare  I  enlarged  at  consider- 
able length  upon  the  subject  of  so-called  interglacial  deposits, 
and  ventured  to  question  the  relevancy  of  the  evidence  ad- 
duced in  their  favour.  My  views  on  this  matter  are  shared 
I  know  by  some  of  the  most  experienced  of  living  geologists. 
I  shall  now,  as  in  the  previous  chapter,  supplement  what  I 
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then  said  by  such  facts  and  argmnents  as  have  since  reached 
me,  and  as  the  matter  is  an  important  one  (the  living 
champions  of  interglacial  periods  being  a  numerous  and 
powerful  phalanx)  I  shall  enter  into  considerable  detail  in 
my  criticism. 

Dr.  Croll  says  the  glacial  epoch  may  be  considered  as  con- 
temporaneous in  both  hemispheres,  but  the  epoch  consisted 
of  a  succession  of  cold  and  warm  periods,  the  cold  periods  of 
one  hemisphere  coinciding  with  the  warm  periods  of  the 
other  and  v%ct  verrsa  (p.  234).  This,  as  Prestwich  says,  would 
involve  an  indefinite  succession  of  interglacial  periods,  but 
only  one  definite  interglacial  period  during  the  glacial  epoch 
is  brought  forward.  Dr.  CroU,  however,  accounts  for  this  by 
the  convenient  argument  that  "  the  geological  evidences  of 
the  cold  periods  remain  in  a  remarkably  perfect  state,  while 
the  evidences  of  the  warm  periods  have  to  a  large  extent 
disappeared  "  (p.  238).  If,  however,  as  Prestwich  replies,  one 
instance  could  be  well  preserved,  might  we  not  expect  other 
instances  to  occur  in  some  of  the  many  locaUties  affected  ? 
{Op.  cit.y  p.  6.) 

We  ought  to  remember,  even  if  we  admit  the  plea  that 
denudation  in  glaciated  areas  must,  ex  hffpothesi,  have  been 
enormous,  that  we  cannot  suppose  the  chmatic  variation  was 
limited  to  the  zone  where  the  postulated  ice-sheets  occurred, 
but  must  have  greatly  affected  the  climate  further  to  the 
south  or  north,  where  the  pleistocene  beds  and  their  covering 
exist  undisturbed  and  in  full  sequence.  Thence,  surely,  such 
evidence  ought  to  be  forthcoming.  But  apart  from  this  I 
cannot  understand  how  ice-sheets  could  discriminate  in  the 
fashion  supposed  between  beds  containing  the  debris  of  cold 
epochs  and  those  of  warmer  periods ;  surely  the  delicate  yoldias 
and  other  arctic  shells  and  the  leaves  of  the  polar  willow 
are  more  and  not  less  fragile  than  mammoths'  teeth,  etc. 
The  fact  of  the  matter  is  that  GroU's  contention  in  this 
behalf  is  almost  childish,  and  is  the  offspring  of  a  despair- 
ing logic. 

The  evidence  which  has  been  appealed  to  by  the  champions 
of  interglacial  periods  is  of  two  kinds  :  one  is  biological  and 
the  other  stratigraphical.  In  the  present  chapter  I  shall 
deal  with  the  biological  evidence,  which,  it  seems  to  me,  has 
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been  veiy  largely  misread,  and  which  is  being  at  last  put  into 
proper  focus. 

I  will  begin  with  the  remains  of  land  and  fresh-water 
animals  and  plants  which  have  been  treated  as  evidence  of 
interglacial  climates,  and  I  am  brought  at  once  face  to  face 
with  a  problem  which  has  greatly  exercised  geologists  for  a 
long  time,  namely,  whether  the  mammoth  and  the  animals 
associated  with  him,  including  paleolithic  man,  were  pre- 
glacial,  post-glacial,  or  interglacial,  or,  as  I  prefer  to  state 
the  question,  whether  they  lived  before,  after  or  during  the 
distribution  of  the  drift  beds.  The  view  for  which  I  have 
fought  for  many  years  is  that  they  lived  before  this  dis- 
tribution and  not  after  it.  The  glacial,  champions  who 
admit  that  the  fauna  did  live  before  their  glacial  period  but 
that  it  lived  also  after  it  (whence  one  of  them  named  the 
mammoth  bicyclotherium),  or  who  hold  that  the  same  fauna 
and  flora  recurred  in  successive  mild  periods  separated  by 
long  intervals  of  cold  and  desolation,  have,  it  seems  to  me,  a 
difficult  nut  to  crack  in  explaining  the  continuance  through 
long  ages  with  intermittent  conditions  of  unchanged  forms 
of  life.  D'Archiac  long  ago  pointed  out  the  extreme  im- 
probability, if  not  impossibility,  of  such  a  thing  happening.  I 
will  here  quote  a  few  sentences  from  my  own  former  work : 
*'  If  we  limit  ourselves  to  much  more  recent  times  we  shall  find 
no  support  for  the  contention  of  the  glacialists.  In  the  bogs  of 
Denmark  and  South  Sweden  we  have  a  succession  of  beds, 
beginning  with  those  containing  stone  axes.  In  these  bogs 
we  find  the  remains  of  a  succession  of  forests,  but  not  of  the 
same  trees.  We  begin  with  pines  and  birches,  then  we  have 
oaks,  and  lastly  beeches.  The  same  thing  is  found  in  the 
bogs  of  Holland.  Erman  tells  us  that  after  a  fire  in  Siberia 
which  had  burnt  down  a  pine  forest,  there  grew  up,  not  pines, 
but  birches  and  poplars,  and  the  same  observation  has  been 
made  in  America.  If  this  be  so  where  the  conditions  are 
continuous,  and  where  the  seeds  of  the  old  forest  are  scattered 
about,  a  fortiori  would  it  be  so  when  a  glacial  epoch  inter- 
vened?'* How  strange  would  it  be  to  find  that,  after  an 
interval  of  ten  thousand  years  of  Greenland,  Merry  England 
should  revert  to  almost  precisely  the  same  fauna  and  flora 
living  in  precisely  the  same  counties,  and  coming  back  not 
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to  the  old  rich  soil,  but  to  a  soil  made  terribly  barren  and  cold 
by  the  deposition  on  it  of  the  so-called  glacial  clays  and  sands. 
Speaking  on  this  point  Prof.  M'Gee  says  we  know  that  crude 
soils,  such  as  fresh  glacial  clays,  from  some  yards  beneath  the 
surface  are  not  adapted  to  the  support  of  a  luxuriant  vege- 
tation. Thistles,  yuccas,  cacti  and  other  hardy  plants  may 
spread  over  barren  clays,  sterile  sands  and  tufaceous  wastes, 
and  are  sometimes  planted  with  the  object  of  reclaiming  such 
areas,  but  even  when  other  germs  are  not  lacking  it  is  only 
after  considerable  periods  that  a  richer  flora  supersedes  these 
plant  pioneers.  After  the  retreat  of  a  glacier,  however,  there 
would  be  a  dearth  of  seeds  and  germs,  and  their  spread  over 
the  glaciated  wastes  would  be  slow  (Geol.  Mag,^  New  Series, 
vi.,  p.  420). 

This  seems  perfectly  sound,  and  it  is  an  answer  not  only 
to  those  who  champion  interglacial  climates,  but  to  those 
even  more  irrational  people  who  argue  that  in  a  period  sup- 
posed to  have  been  marked  by  ice-sheets  covering  a  third  of 
the  northern  hemisphere  the  retreat  of  the  ice  was  closely 
followed  up  by  the  growth  of  luxuriant  forests  and  a  teeming 
life,  and  who  compare  the  conditions  of  a  world  when  the 
North  Sea  was  frozen  tight  with  those  prevailing  in  the  many 
Alpine  valleys  at  the  feet  of  some  glaciers,  or  with  the  sea- 
board washed  by  the  temperate  waters  of  the  North  Pacific. 
The  fact  is  that  apart  from  all  such  critical  difficulties  there 
is  a  constant  change  and  development  in  progress  in  the 
flora  and  the  fauna  of  a  country,  and  to  suppose  that  it  is 
possible  to  have  a  succession  of  intermittent  biological  periods 
marked  by  the  same  fauna  and  flora  is  contrary  to  all  the 
evidence  of  paleontology. 

Let  us,  however,  turn  from  these  a  priori  difficulties  to  the 
evidence  itself.  What,  then,  is  the  real  horizon  of  the  mammoth 
and  its  companions,  including  paleolithic  man  ? 

It  is  at  once  a  reproach  to  geology,  and  a  good  proof  of  the 
very  great  difficulty  there  is  in  making  our  way  among  the 
latest  geological  records,  that  there  should  be  any  doubt  upon 
such  a  question  as  the  exact  horizon  of  the  mammoth  and 
of  paleolithic  man.  The  fact  is  nevertheless  so,  and  has 
given  rise  to  a  sharp  polemic  in  quite  recent  years.  I  am 
bound  to  say  that  I  myself  have  changed  my  views  on  the 
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subject  in  view  of  the  evidence,  and  have  to  recant  some 
phrases  I  printed  long  ago  in  the  GeohgiccU  Magazine  and 
afterwards  withdrew. 

I  wish  to  speak  with  some  precision  in  the  matter,  and  not 
to  be  misunderstood.  The  point  I  would  discuss  is  not  whether 
the  mammoth  lived  before,  during  or  after  the  so-called 
glacial  period,  but  whether  the  beds  in  which  his  remains  are 
found,  when  undisturbed,  underlie  or  overlie  the  drift  or  are 
intercalated  with  it.  The  two  questions  are  not,  as  is  often 
assumed,  the  same,  and  it  is  to  the  latter  alone  that  I  wish 
my  criticism  at  this  point  to  apply. 

I  must  also  define  the  kind  of  evidence  which  I  alone  think 
conclusive.  I  altogether  distrust  any  evidence  on  the  point 
except  that  of  superposition.  Evidence  based  upon  inferences 
of  different  kinds  I  have  always  mistrusted  in  deciding  this 
critical  question,  but  I  would  go  further.  We  must  remember 
that  the  till  or  boulder  clay  contains  extraneous  bodies  of 
different  kinds,  which  are  often  far-travelled  and  sometimes 
not  so.  Among  these  bodies  there  are  tree  trunks  or  molar 
teeth  of  elephants,  which  may  be  as  true  boulders  as  those  of 
granite  and  gneiss,  and,  like  them,  derived  from  elsewhere. 
Whatever  theory  we  adopt  in  regard  to  the  till,  we  must 
concede  that  it  picked  up  far-travelled  debris  in  its  march, 
and  mixed  it  in  many  cases  with  the  debris  of  the  underlying 
beds,  sometimes  with  chalk,  sometimes  with  lias,  sometimes 
vnth  sandstone,  and  mixed  this  debris  with  the  fossils  from 
these  different  beds.  It  is  further  clear  that  ice  or  water 
would  take  up  and  convert  mammoth  teeth  into  boulders  just 
as  readily  as  it  would  ammonites  and  belemnites,  and  that 
the  former  would  be  no  more  contemporary  with  the  till  nor 
evidence  of  an  interglacial  climate  than  the  latter  are. 

In  regard  to  such  organic  boulders  I  find  myself  in  complete 
agreement  with  Prof.  James  Geikie.  "  In  the  mass  of  the 
till  fossils  sometimes,  but  very  rarely,  occur.  Tusks  of  the 
mammoth,  reindeer  antlers  and  fragments  of  oak  and  other 
trees  have  from  time  to  time  been  discovered  in  this  position. 
They  almost  invariably  afford  marks  of  having  been  subjected 
to  the  same  action  as  the  stones  and  boulders  by  which  they 
are  surrounded — ^that  is  to  say,  they  are  rubbed,  ground, 
striated  and   smoothed.      Sea-shells,   broken,    crushed    and 
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striated,  also  occur  under  similar  circumstances  in  certain 
deposits  of  till "  {Qreat  Ice  Age,  3rd  edit.,  pp.  104,  105).  On  a 
subsequent  page  Mr.  Geikie  argues  that  these  may  be  inter- 
glacial  rather  than  glacial,  a  conclusion  I  utterly  fail  to  find 
any  justification  for.  It  seems  to  me  plain  that  the  animal 
and  plant  remains  which  are  found  at  all  horizons  in  the  clay 
can  only  exist  there  as  boulders,  and  that  it  is  impossible  to 
beUeve  they  were  b'ving  during  the  deposition  of  the  clay  or 
that  they  index  interglacial  beds  of  which  we  have  no  other 
evidence. 

If  this  is  so  with  detached  boulders  and  pieces  of  wood, 
it  is  equally  so  with  occasional  sheets  and  masses  of  peat 
and  other  intercalated  masses,  which  are  merely  boulders  of 
another  kind.  On  this  subject  Mr.  Geikie,  again,  has  some  very 
apposite  remarks.  He  described  how  in  some  places  tongues 
of  boulder  clay  have  been  intruded  or  injected  under  pressure 
into  the  beds  below,  forming  what  workmen  call  ''  legs,*'  and 
he  quotes  some  notable  instances  at  Eelsea  EUU,  in  Yorkshire, 
where  the  clay  has  been  thrust  into  the  corbicula  beds  below, 
and  adds  that  similar  intercalated  and  subjacent  beds  of  the 
Scottish  till  forming  tongues  are  found  squeezed  down  and 
between  the  yielding  deposits ;  and  he  goes  on  to  say :  ''  In  my 
brother's  paper  on  *  The  Phenomena  of  the  Glacial  Drift  of  Scot- 
land '  (Trcma.  Oeol  Soe.,  Glasgow,  voL  i.,  part  2)  will  be  found 
a  section  of  contorted  beds  of  sand  and  clay  (Medwin  water) 
which  shows  a  similar  intercalated  bed  of  till.  This  bed  my 
brother  thought  might  have  been  floated  as  a  boulder  and 
dropped  into  its  present  position.  I  believe,  however,  that  it 
has  been  injected  under  pressure  "  (Oreat  Ice  Age,  3rd  edit., 
p.  362  and  note). 

This  shows  how  much  caution  is  necessary  in  definitely 
deciding  whether  a  particular  bed  is  really  and  truly  inter- 
calated between  two  others  in  districts  where  there  has  been 
great  disturbance.  It  also  shows  how  easily  the  strict  uni- 
formitarian  will  adopt  an  argument  from  the  enemy  when 
some  stubborn  fact  refuses  to  fit  in  with  his  a  priori  theory. 
It  is  plain  at  all  events  that  if  a  case  is  to  be  made  out  for 
intercalated  climates  it  must  be  by  stronger  evidence  than 
that  of  organic  boulders. 

Let  us  first  turn  to  an  area  which  has  been  examined  with 
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much  greater  care  and  minuteness  and  where  the  evidence 
has  been  sifted  in  a  much  more  careful  manner  than  elsewhere^ 
namely,  our  own  islands,  and  we  will  begin  with  Scotland. 
The  earliest  discovery  of  mammoth  remains  in  Scotland  took 
place  in  the  year  1817.  "  When/'  says  Sir  A.  Geikie,  "  the  till 
covering  the  sandstone  at  the  quarry  of  Greenhill,  in  the  parish 
of  Eilmaurs,  in  Ayrshire,  had  been  partially  removed  there 
were  found  at  a  depth  of  seventeen  and  a  half  feet  from  the 
surface  two  elephants'  tusks.  .  .  .  The  matrix  in  which 
they  were  found  was  a  clay,  which  around  the  bones  changed 
from  its  usual  light  brown  colour  into  a  dark  brown,  with  a 
most  offensive  smell  when  turned  over.  The  tusks  lay  in  a 
horizontal  position  with  several  bones  near  them.  Dr.  Scouler 
visited  the  quarry  about  1840,  and  reports  that  seven  more 
tusks  had  subsequently  been  found  there"  (ZVan<.  Qtol,  Soc.^ 
Glasgow,  vol.  i.,  part  2,  pp.  68,  69).  ''Some  antlers  of  the 
reindeer  were  also  found  along  with  an  elephant's  tusk  at 
this  quarry"  (ibid.,  p.  71). 

These  remains  were  found  in  a  clay  containing,  inter  alia^ 
Asta/rte  compressa  and  Leda  pygmaa,  with  eight  genera  and 
nine  species  of  ForamirUfera  and  five  genera  and  ten  species  of 
Ostracoda,  and  also  a  number  of  seeds  of  plants  and  fragments 
of  beetles.  The  earlier  writers  described  this  clay  as  boulder 
clay.  Dr.  Bryce,  in  1864,  opened  some  pits  at  the  place,  and 
found  that  the  beds  in  which  the  remains  occurred  vmderlie 
the  till,  and  he  put  them  on  the  same  horizon  as  "  the  Forest 
bed  ".  Mr.  Craig  and  Mr.  Young,  in  1869,  after  a  close  exam- 
ination of  the  district  and  the  position  of  the  beds  in  regard 
to  the  boulder  clay,  satisfied  themselves  that  the  mammoth 
and  shell  bed  were  pre-glacial  (see  Trans.  OeoL  Soc.,  Glasgow, 
vol.  iii.,  p.  810).  The  officers  of  the  Geological  Survey  in 
their  commentary  on  sheet  22  describe  the  bed  as  inter- 
glacial,  but  after  sifting  the  evidence  again,  and  writing  in 
1887,  Mr.  Craig  says:  "I  see  no  cause  to  change  the  con- 
clusions arrived  at  in  our  joint  paper  of  1869.  Dr.  Bryce's 
surmise  that  the  fossiliferous  bed  may  be  the  equivalent  in 
age  of  the  Cromer  Forest  bed  is,  in  my  opinion,  not  far  from 
being  correct."  Elsewhere  he  says  he  places  the  beds  at  the 
very  base  of  the  glacial  deposits  (Trans.  Qeol.  Soc.,  Glasgow, 
vol.  viii.,  pp.  218-228). 
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According  to  Mr.  J.  Geikie,  these  remains  '*  occurred  in  a 
peaty  layer  between  two  thin  beds  of  sand  and  gravel,  overladd 
by  tUl  or  botdder  clay,  and  resting  directly  on  the  sandstone 
rock  of  the  quarry"  {GrecU  Ice  Age,  p.  605). 

A  horn  of  a  reindeer  was  also  found  in  the  basin  of  the 
Endrick,  in  the  parish  of  Kilmarnock,  about  four  miles  from 
Loch  Lomond.  '*  The  section  in  which  it  occurred/'  says 
Sir  A.  Geikie,  "  consisted  first  of  the  vegetable  mould,  then 
of  a  stiff  clay  twelve  feet  thick,  containing  a  large  quantity 
of  stones,  underneath  which  was  a  bed  of  blue  clay  about 
seven  feet  thick,  at  the  lower  part  of  which,  close  upon  the 
underlying  sandstone,  the  antler  was  found,  and  near  it 
a  number  of  marine  shells.  The  deposit  was  estimated 
to  be  about  100  to  103  feet  above  the  sea  level'*  {Trans, 
Oeol.  Soc,,  Glasgow,  vol.  i.,  part  2,  pp.  70,  71;  see  also 
Dr.  Smith,  Edin.  New  PhU.  Joum,,  New  Series,  vol.  vi., 
-p.  105). 

The  next  locahty  where  mammoth  remains  occurred  in 
Scotland  was  during  the  excavation  of  the  Une  of  the 
IJnion  Canal,  between  Edinburgh  and  Falkirk.  This  was 
in  1820.  A  large  mass  of  boulder  clay  having  been  under- 
mined fell  into  the  cutting,  and  among  the  earth  was  found 
a  tusk  measuring  thirty-nine  inches  in  length.  Mr.  Bald,, 
to  whom  the  discovery  was  reported,  examined  the  place. 
He  says  it  was  found  from  fifteen  to  twenty  feet  from 
the  surface.  He  did  not  actually  take  it  out  of  the  clay, 
and  only  judges  that  it  must  have  come  out  of  it  from 
its  excellent  state  of  preservation  {Trans,  Wemerian  Society, 
vol.  iv.,  p.  60).  It  has  subsequently  been  described  as 
having  been  imbedded  in  the  heart  of  the  stiff  clay.  If 
it  had  been  so,  it  can  only  be  treated  as  a  boulder,  since 
it  was  quite  detached.  This  is  suggested  by  Mr.  BaJd, 
and  it  in  no  way  evidences  an  old  land  surface;  but  it 
seems  to  me  there  is  no  warrant  for  describing  it  as  having 
come  out  of  **  the  heart  of  the  stiff  clay  ". 

A  skull  of  Bos  primigenius  was  found  in  1868,  near  Croft 

Head,  in  Benfrewshire,  embedded  some  few  feet  deep  in  a  soft 

clay  or  mud,  interlaminated  with  lines  and  beds  of  sand  and 

occasional  layers  of  fine  gravel.      In  some  of  the  layers  of 

clay  there  was  a  little  vegetable  matter  in  a  state  of  decay. 
II.  4 
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These  beds  were  overlain  by  till  full  of  scratched  stones 
(Geikie,  GeoL  Mag,,  vol.  v.,  p.  393,  etc.). 

In  a  paper  on  this  deposit,  in  the  seventh  volume  of  the  same 
magazine,  Mr.  Geikie  says  that  it  subsequently  yielded  remains 
of  the  horse  and  Irish  deer.  He  reaffirms  the  opinion  that 
the  overlying  clay  in  this  instance  is  the  true  boulder  clay, 
that  it  is  in  situ  and  in  no  sense  due  to  a  landslip. 

On  the  6th  of  March,  1879,  there  was  exhibited  before  the 
Geological  Society  of  Glasgow  a  well-preserved  molar  of  a 
mammoth  found  four  years  before  in  sinking  a  pit  on  Mainhill 
Farm,  near  Baillieston,  east  of  Glasgow.  It  was  found  in  a  bed 
of  purely  laminated  sandy  clay,  at  a  depth  of  thirty-three  feet 
below  the  present  land  surface,  the  sand  bed  being  from  forty 
io  forty-five  feet  thick,  and  resting  directly  upon  the  rock-head 
or  coal-measures  without  any  intervening  till  or  other  super- 
ficial strata.  In  cutting  the  line  of  railway  leading  to  the  pit 
the  sand  bed  was  seen  to  be  overlapped  by  a  thick  bed  of 
fitifif  dark-coloured  boulder  clay  full  of  large,  travelled  stones, 
which  thinned  away  as  the  pit  was  approached  and  the  sand 
bed  rose  to  the  surface.  Mr.  Young  remarked  that  here  we 
had  another  instance  of  the  occurrence  of  the  mammoth  in 
Scotland  during  pre-glacial  times,  and  he  went  on  to  remark 
that  in  all  the  cases  which  had  occurred  in  Scotland  the 
mammoth  remains  "had  either  been  derived  from  pre-glacial 
beds  below  the  till  or  from  the  till  itself.  Dr.  Geikie  says  he 
has  never  been  able  satisfactorily  to  show  that  the  mammoth- 
bearing  interglacial  beds,  in  any  of  the  places  where  they 
have  been  found,  rested  on  an  older  boulder  clay,  although 
he  says  that  at  other  spots,  such  as  Kilmaurs,  intercalated 
beds  are  found  in  the  same  district  between  the  two  tills ; 
but  unfortunately  for  his  contention,  these  beds  have  never 
as  yet  yielded  any  mammoth  remains,  nor  any  of  the  other 
organisms  found  associated  with  them.  When  traces  of  the 
mammoth  have  been  got  in  boulder  clay,  they  may  in  all 
probability  have  been  derived  from  the  denudation  of  pre- 
glacial  beds  in  the  same  district "  (Proc.  GeoL  Soc,  Glasgow, 
1878-79,  p.  291). 

In  January,  1882,  there  was  exhibited  before  the  Glasgow 
Geological  Society  a  fragment  of  a  tusk  of  the  mammoth 
which   had  been   found   in  sinking  a   pit   on   the  farm  of 
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Drummuir,  Dreghom.  This  was  found  in  a  bed  of  sand 
underlying  seventy-six  feet  of  boulder  clay  (Trans.  Geol,  Soc., 
Glasgow,  vol.  viii.,  part  2,  p.  213,  etc.). 

In  a  paper  by  Messrs.  Craig  and  Young,  in  the  third 
volume  of  the  Transactions  of  the  Geological  Society  of 
Glasgow,  they  say,  inter  alia,  that  if  we  look  at  the  recorded 
instances  of  the  occurrence  of  the  mammoth  and  reindeer  in 
Scotland,  we  shall  find  that  in  the  majority  of  cases  they 
either  have  been  found  in  beds  below  the  boulder  clay  or  in 
that  deposit  itself.  Those  found  in  the  boulder  clay  may 
have  been  derived  from  the  denudation  of  pre-glacial  beds. 
In  the  one  or  two  instances  where  the  mammoth  has  occurred 
in  beds  more  recent  than  the  till  they  may  still  have  been 
worked  out  of  it.  Bearing  on  the  pre-glacial  age  of  the 
reindeer  in  Scotland,  they  refer  to  a  portion  of  the  right 
antler  of  a  reindeer  found  in  the  boulder  clay  at  Baes  Gill, 
Carluke,  Lanarkshire.  ''  The  specimen  bears  evident  marks 
of  transportation,  its  burr,  brow-tyne  and  other  extremities 
being  worn  and  rounded,  and  the  whole  surface  has  a  smooth, 
poUshed,  ice-scratched  appearance,  exactly  like  that  we  meet 
with  amongst  the  ice-worn  stones  of  the  till.  It  was  found 
in  till  several  feet  thick  "  (op.  cit.,  pp.  310-320). 

Turning  from  the  remains  of  terrestrial  animals  to  those 
of  terrestrial  plants  the  evidence  is  equally  striking.  Mr. 
Clement  Beid,  who  is  especially  apostrophised  in  many  places 
by  Mr.  Geikie  in  the  last  edition  of  his  Chreat  Ice  Age,  has 
recently  published  a  most  important  paper  on  the  subject  of 
the  Scotch  so-called  interglacial  beds,  and  the  paper  is  specially 
remarkable  since  Mr.  Beid  was  specially  selected  for  the  duty 
of  discriminating  the  plant  remains  upon  which  Mr.  Geikie's 
arguments  have  been  founded,  and  has  been  especially  quoted 
by  him  for  his  facts.  He  is  also  a  strong,  nay,  an  extravagant, 
believer  in  interglacial  beds. 

Mr.  Beid  has  seen  reason  to  modify  his  formerly  expressed 
views  that  the  beds  in  which  these  plant  remains  occur  are 
of  interglacial  age.  He  now  says :  "  Subsequent  work  on  the 
abundant  material  sent  by  Mr.  James  Bennie  and  other 
observers,  and  an  examination  of  the  Hailes  and  Bedhall 
quarries,  has  convinced  me  that  the  majority  of  the  plants 
found  in  the  three  most  important  deposits  are  of  comparatively 
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late  date,  probably  not  older  than  the  neolithic  period."  He 
then  discusses  them  seriatim.  First,  the  railway  catting  at 
Louden  Glen  {Oreat  Ice  Age,  pp.  102-104).  Mr.  Beid  says  he 
has  not  examined  the  ground  itself,  and  can  only  speak  of 
the  plant  remains ;  but  several  competent  observers  have 
already  objected  to  the  acceptation  of  the  peat  as  interglacial, 
on  the  ground  that  the  drift  there  is  constantly  sUpping  down 
the  steep  slope,  so  that  the  occurrence  of  boulder  clay  over 
the  peat  is  insufficient  to  prove  that  the  peat  is  the  older  of 
the  two.  He  goes  on  to  say  that  when  he  wrote  his  previous 
paper  he  remarked  that  the  plants  being  all  species  still  living 
in  the  district  throw  no  light  on  the  question.  Since  then, 
however,  Mr.  Bennie  has  sent  him  fresh  materials,  among 
which  he  has  found  two  seeds  of  the  garden  or  opium  poppy 
{Papaver  sanmiferuin).  **  I  have  not,"  he  adds,  ''  the  slightest 
doubt  as  to  the  accuracy  of  this  determination,  but  it  is 
extremely  improbable  that  such  a  plant  was  a  native  of 
Britain  in  interglacial  timea  The  whole  assemblage  of  the 
plants,  and  the  state  of  preservation  of  the  animal  remains, 
such  as  caddis  cases,  winter  eggs  of  SpongUla  and  CristateUa^ 
and  fragments  of  Daphnia,  suggest  to  me  an  extremely  recent 
date  for  this  deposit." 

Secondly,  in  regard  to  Hailes  quarry  (ibid,,  p.  99),  near 
Edinburgh,  Mr.  Beid  says  the  upper  part  of  the  peat  contains 
a  different  set  of  plants  from  the  lower,  the  lower  belonging 
to  a  colder  fauna.  In  regard  to  the  upper  part  he  says  the 
occurrence  of  charcoal,  of  seeds  of  flax,  fool's  parsley,  corn 
marigold  {Chrysanthemvm  segettm),  chamomile  {Matricaria 
inodora)  and  hemp  nettle  (Galeopsis  Tetrahit)  is  against  the 
great  antiquity  of  the  deposit. 

Thirdly,  in  regard  to  Bedhall  quarry,  also  near  Edinburgh 
(ibid.,  pp.  100,  101),  he  says  the  section  of  the  ground  was  not 
clear  when  he  visited  it,  but  the  slope  of  the  ground  seemed 
quite  sufficient  to  cause  slipping  in  so  unstable  a  deposit  as 
till.  "  The  botanical  evidence,  however,  was  very  strong,  for 
the  peat  yields  about  fifty  plants,  including  Fvmaria  officinalis^ 
Spergida  arvensis,  Linvm  perenne  (or  L.  usitatissimv/m),  Alche- 
mUla  arvensiSy  Garvm  carm,  Chryscmthenvwm  segetvm,  Matricaria 
inodora,  Centatirea  Cyantis,  Sonchtcs  arvensis,  Oaleopsis  Tetrahit 
and  Euphorbia  Helioscopia.    These  eleven  species  and  perhapa 
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some  of  the  others  are  probably  weeds  of  cultivation.  The 
flax  seeds  and  capsules,  judging  from  the  abundance  of  these 
remains,  may  be  the  refuse  of  bundles  of  the  cultivated  plant 
put  to  steep  in  the  marsh ''  (G.  Beid,  Geol.  Mag.,  1895,  pp. 
217-219).  These  arguments  and  admissions  are  all  the  more 
forcible  and  remarkable  from  the  fact,  as  I  have  said,  that 
Mr.  Beid  is  a  believer  in  interglacial  periods. 

Let  us  now  turn  to  England.  No  remains  of  pleistocene 
mammals  have  occurred,  so  far  as  I  know,  in  the  counties  of 
Northumberland,  Durham,  Cumberland  or  Westmoreland. 
Of  the  few  cases  of  the  discovery  of  mammoth  remains  in 
Lancashire  and  Cheshire  the  only  one,  according  to  my 
friend  Prof.  Dawkins,  in  which  the  relation  of  the  deposit 
containing  them  to  the  boulder  clay  is  clear  was  the  famous 
case  of  the  discovery  made  by  Mr.  Bloxsom  in  March,  1878,  ' 
in  digging  a  shaft  for  the  new  Victoria  Salt  Company,  near 
Northwich,  of  a  fragment  of  a  molar.  It  occurred  at  a 
depth  of  sixty-five  feet  in  a  bed  of  sand  overling  the 
red  Keuper  marls,  and  overlaid  by  thirty-seven  feet  of 
brown  boulder  clay  (Quart.  Jcywm.  OeoL  Soc,  February,  1879, 
pp.  140, 141). 

If  we  turn  to  Yorkshire  the  evidence  is  more  abundant  and 
more  conclusive.    We  will  begin  with  an  early  reference. 

The  Rev.  W.  Vernon,  in  a  paper  printed  in  the  Philosophical 
Magazine  in  January,  1830,  describes  the  finding  of  a  re- 
markable collection  of  the  remains  of  pleistocene  animals  at 
North  Cliff,  in  Yorkshire.  He  mentions,  inter  alia,  that  while 
no  entire  skeleton  was  found,  in  some  instances  bones  were 
found  together  which  articulated  with  one  another — thus  the 
humerus,  radius  and  ulna  of  the  wolf  were  not  far  separated, 
and  the  coronary  phalangial  bones  of  the  horse  were  found 
in  regular  order.  The  second  a  little  below  the  first,  and  the 
third  a  little  below  the  second.  He  remarks  of  the  size  of 
these  phalangial  bones  as  being  twice  as  big  as  those  of  an 
ancient  British  horse  taken  out  of  a  barrow  in  the  East 
Biding  of  Yorkshire.  Speaking  of  this  deposit  he  says :  *  *  Above 
the  bed  of  black  marl,  in  which  most  of  the  bones  occurred, 
large  stones  were  embedded  in  the  deposit  transported  from 
distant  rocks,  from  the  western  hills  of  Yorkshire  and  the 
mountains  of  Cumberland.     These  stones  correspond  so  en- 
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tirely  with  those  of  all  our  great  beds  of  diluvial  gravel,  that 
if  a  heap  of  the  former  were  laid  by  a  heap  of  the  latter  the 
two  heaps  conld  not  be  distinguished  from  each  other." 

In  a  memoir  on  the  moors,  mountains  and  sea-coast  of 
Yorkshire,  published  by  J.  Phillips  in  1863,  he  urged  that 
the  lowest  Hessle  gravels,  which  rest  upon  chalk,  and  are 
covered  by  boulder  clay,  as  well  as  the  contents  of  Kirkdale 
cave,  are  pre-glacial.  Writing  in  1868,  he  says  of  this  view 
about  the  Hessle  gravels :  ''I  am  still  disposed  to  favour  this 
opinion.  In  the  first  place,  there  is  no  proof  that  these  beds 
are  marine,  but  a  strong  presumption  to  the  contrary,  from 
the  considerable  abundance  of  land  mammaUa  found  in  them, 
especially  Elephas  primigenius  and  horse ;  and,  secondly,  beds 
of  this  order  composed  of  chalk  and  flint  fragments,  not  only 
are  not  known  to  occur  in  the  midst  of  the  boulder  clay,  but 
can  hardly  be  imagined  to  exist  there;  and,  thirdly,  the 
boulder  clay  rests  on  them  without  conformity  "  {Quart,  Joum. 
GeoL  Soc,  vol.  xxiv.,  p.  265). 

Philhps  continued  during  half  a  century  to  be  the  advocate 
of  the  mammoth  beds  being  older  than  the  drifts,  and  in  the 
last  edition  (1875)  of  his  geology  of  Yorkshire,  in  describing 
the  ossiferous  marls  of  Bulbecks,  near  Market  Weighton, 
he  shows  that  they  lie  directly  on  the  red*  marls.  In  regard 
to  their  relative  age  he  says :  **  It  appears  to  be  proved,  both 
by  comparison  with  the  analogous  deposits  at  Hessle  and 
Bridlington,  and  by  the  superposition  of  the  ordinary  diluvium 
in  the  south-eastern  part  of  the  Vale  of  York,  that  the  latest 
of  these  inundations  (t.e.,  that  which  laid  down  the  mammoth 
beds)  was  anterior  to  the  movements  of  waters  which  brought 
many  Cambrian  rocks  through  the  pass  of  Stainmoor  and 
dispersed  them  over  the  hills  and  valleys  and  antediluvian 
lake  deposits  of  Yorkshire  "  (op.  cit.,  pp.  12-19).  Speaking  of 
the  Hessle  beds  containing  mammalian  remains,  he  says :  "  As 
they  are  now  covered  up  by  a  great  thickness  of  clay  and 
pebbles  derived  from  a  far  greater  distance  (i.e.,  by  the  drift), 
we  count  them  the  spoils  of  pre-glacial  land  "  {ibid.,  pp,  57,  58). 
Teeth  of  mammoths  sometimes  occur  in  the  boulder  clay  in 
Yorkshire  as  they  do  elsewhere,  but  are  clearly  derivative 
and  boulders.  Phillips  has  remarked  how  the  teeth  occur  in 
certain  places  and  no  other  parts  of  the  skeleton  {ibid.,  p.  74). 
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When  bones  occur  under  these  circumstances  they  are  always 
scattered  and  generally  rolled  {iiAd.y  p.  170). 

In  regard  to  the  deposits  in  EJrkdale  cave,  he  points  out 
their  analogy  with  those  occurring  at  Bulbecks,  **  where 
glacial  drift  overUes  the  bones/'  adding  "that  the  Eirkdale 
cavern  was  occupied  in  the  pre-glacial  condition  of  the  land 
which  is  now  Yorkshire  was  my  earliest  opinion^  and  seems 
still  to  be  the  most  probable  inference  in  the  present  state  of 
knowledge"  (tWci.,  pp.  169-171). 

This  opinion  about  Kirkdale  cavern  is  interesting,  for  the 
evidence  is  fast  accumulating  to  show  that  the  cavern  deposits 
at  all  events  are  older  than  the  distribution  of  the  till.  I 
should  like  to  refer  to  another  northern  cavern,  where,  although 
no  mammalian  remains  occurred,  there  seems  to  have  been  a 
very  decided  invasion  of  drift. 

Speaking  of  the  cavern  at  Stainton-in-Furness,  Mr.  Cameron 
says :  "  The  floor  of  a  gallery  resembles  the  bed  of  a  dry  moun- 
tain torrent,  being  strictly  strewn  with  water-worn  pebbles 
and  boulders.  Soft  yellow  clay  occurs,  frequently  also  gravel ; 
while  again  in  other  places  there  is  a  pavement  of  hard  dry 
clay  split  up  by  cracks  into  octagonal-shaped  masses.  .  .  . 
In  this  gallery  are  also  silurian  boulders,  often  cemented 
together  in  huge  masses.  A  few  of  these  boulders  are  of 
a  larger  size  than  to  have  allowed  of  their  entrance  through 
the  as  yet  only  known  inlet  to  the  place.  Ireleth,  about  four 
and  a  half  miles  off,  is  the  nearest  place  where  this  rock  is  in 
sUu,  and  boulders  and  fragments  of  rock  are  often  met  with, 
thrown  against  each  other  in  the  direst  confusion  as  if  im- 
pelled along  by  a  very  strong  current  and  suddenly  stopped  " 
(Oeol.  Mag.,  vol.  viii.,  pp.  312,  313). 

We  -will  now  turn  to  the  famous  Victoria  cavern,  where  a 
considerable  polemic  arose  in  regard  to  the  interpretation  of 
the  facts.  It  must  be  remembered  that  this  discussion  was 
before  the  more  recent  discoveries  of  Dr.  Hicks,  etc.,  in  North 
Wales.  Prof.  Dawkins,  who  took  the  view  in  the  paper  that 
the  remains  in  this  cave  were  post-glacial,  says  in  the  dis- 
cussion that  he  could  not  say  whether  the  Victoria  cave  was 
pre-glacial  or  glacial,  nor  even  define  its  relation  to  the  glacial 
period.  The  age  of  the  clays  was,  he  said,  a  matter  of  opinion 
(Quart,  Joum.  Oeol.  Soc.,  vol.  xxxiii.,  p.  612). 
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Other  explorers  of  the  cavern  were  much  more  emphatic 
in  their  view.  Mr.  Tiddeman,  who  drew  up  the  report  to 
the  British  Association,  distinctly  refers  the  deposit  to  a  pre- 
glacial  age,  and  speaks  of  the  Craven  savage  as  having  lived 
before  the  great  ice-sheet  (Report  of  the  Brit,  Assoc,,  1875,  p. 
173). 

In  a  paper  on  the  cave  by  the  same  author  he  tells  us  how 
a  bed  of  tenacious  clay  with  scratched  silurian  and  other 
boulders  was  found  underneath  all  the  talus  at  the  mouth  of 
the  cave,  resting  on  the  edges  of  the  beds  containing  the 
older  manmials,  and  dipping  outwards  at  an  angle  of  40''. 
Mr.  Tiddeman  explains  this  as  the  remnant  of  a  moraine 
(lateral  or  profonde)  which  dammed  up  the  mouth  of  the  cave 
and  prevented  anything  but  water  charged  with  fine  sediment 
from  entering  it  during  the  glacial  period.  "  Perhaps,''  he  adds, 
*'one  of  the  strongest  pieces  of  evidence  that  the  older  cave 
animals  lived  in  this  district  only  at  a  time  previous  to  the 
great  ice-sheet  is  that,  so  far  as  we  know,  the  remains  of 
none  of  them  (except  of  Cenms  elephas)  have  ever  been  found 
in  any  of  the  post-glacial  deposits  of  this  district.  Though 
so  conamon  in  the  river  gravels  in  the  midland  and  southern 
counties,  they  are  never  found  except  in  caves  until  we  get 
much  further  south  or  east.  Leeds  is,  I  beUeve,  the  nearest 
locahty  where  they  occur.  This  would  seem  to  imply  that 
their  remains  were  wiped  off  the  area  by  the  great  ice-sheet, 
.  .  .  and  only  left  in  the  shelter  of  caves  to  which  it  could 
have  no  direct  access*'  (GeoL  Mag.,  vol.  x.,  p.  15). 

Writing  in  Natv/re  the  same  geologist  says  **  a  human  bone 
or  fibula  was  certainly  found  beneath  glacial  clay  in  the 
Victoria  cave"  {Nature,  vol.  xiv.,  p.  505).  A  dispute  arose 
afterwards  as  to  whether  the  fibula  was  human  or. not,  but 
this  does  not  affect  the  issue  we  raise.  Mr.  Tiddeman  again 
says:  **In  the  Victoria  cave  the  surroundings  are  such  that 
nothing  but  an  ice-sheet  could  have  sealed  up  with  glacial 
clay  the  remains  discovered  by  the  committee.  .  .  .  The 
origin  of  the  boulders,  their  position,  the  ice-scratches  on 
the  rocks  hard  by,  all  point  to  the  time  of  greatest  glaciation, 
when  the  whole  district  was  covered  in  with  ice  and  snow  of 
great  thickness.  And  the  agent  which  closed  the  cavern  and 
concealed  the  animals  within  it  must  have  been  the  same 
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which  swept  the  country  clean  of  their  remains  all  around 
further  than  the  eye  can  reach"  (tWd.,  p.  506). 

In  the  discussion  on  Prof.  Dawkins'  paper,  Sir  A.  Bamsay 
said  he  thought  the  evidence  for  the  existence  of  man  in  the 
Victoria  cave  before  the  glacial  period  was  stronger  than 
that  against  it.  Prof.  Prestwich  thought  the  deposits  in  the 
Victoria  cave  were  pre-glacial  {Qwa/ri,  Joum.  GeoL  Soc.,  vol. 
xxxiii.,  p.  612). 

The  next  case  to  which  I  shall  refer  is  one  in  which  we 
have  not  to  deal  with  mammalian  remains,  but  with  the 
southern  fresh- water  shell,  the  Cyrena  ftuminalis,  which  marks 
the  pleistocene  horizon  in  other  places. 

In  1861  Prof.  Prestwich  read  a  paper  before  the  Geological 
Society  of  London  on  the  occurrence  of  Cyrena  fiwninalis  over 
beds  of  boulder  clay  near  Hull.  He  says  there  was  previously 
no  evidence  of  direct  superposition  to  show  the  age  of  the 
shell.  I  quite  agree  vnth  him  that  for  this  reason  the  instance 
in  question  is  important  if  maintainable.  Is  it  so  ?  In  the 
first  place,  in  the  pit  where  the  Cyrena  occurred  in  thousands, 
and  of  which  Mr.  Prestwich  gives  a  section  (Quart  Jou/rn,  Oeol, 
Soc.,  vol.  xvii.,  p.  440),  no  botdder  clay  at  all  occurred.  Secondly, 
in  another  section  at  PauU  Cliff,  near  Hull,  where  the  Cyrena 
also  occurred  in  fewer  numbers,  there  was  an  underlying 
clayy  but  Prestwich  admits  that  inasmuch  as  it  contained 
neither  boulders  nor  fossils  he  could  not  feel  certain  about 
its  being  boulder  clay  (ibid,,  p.  452).  Prestwich  then  had 
some  experimental  borings  made,  but  they  did  not  succeed  in 
piercing  the  gravel,  and  therefore,  in  his  own  words,  "  failed 
to  obtain  the  exact  proof  "  (ibid,,  p.  453).  Hence  the  evidence 
as  tested  by  this  locaUty  utterly  fails.  Now  it  is  curious  that 
while  Mr.  Prestwich  failed  to  find  boulder  clay  in  a  definite 
position  in  regard  to  the  gravels,  Messrs.  Wood  and  Bome 
did,  and  they  say,  **  The  gravel  of  Kelsea  Hill,  the  subject 
of  the  notice  of  Mr.  Prestwich,  is  (now  that  the  ballast  pit 
has  been  more  extensively  worked)  shown  most  distinctly 
to  be  overlain  by  the  boulder  clay,  no  less  than  fifteen  feet  of  it 
being  so  exposed  in  one  part  *' ;  and  they  add  that  there  are  no' 
means  of  ascertaining  at  present  on  what  it  rests  (Quart,  Joum, 
GeoL  Soc.,  vol.  xxiv.,  p.  153). 

Let  us  again  turn  to  the  evidence  of  the  mammals.     This 
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also  seems  to  be  very  conclusive.  I  will  first  refer  to  the 
well-known  memoir  by  Mr.  C.  Beid  on  the  geology  of  Holder- 
ness.  In  this  memoir  chapters  v.  and  vi.  are  headed  ''  Inter- 
glacied  Beds  '\  I  do  not  know  why,  for  I  confess  I  can  find 
no  evidence  of  their  interglacial  character. 

Mr.  Beid  objects,  on  the  evidence  of  the  fossils,  to  Prof. 
Phillips  treating  the  Hessle  gravels  as  pre-glacial,  an  argument 
in  which  I  do  not  quite  follow  him.  He  admits  these  gravels 
at  Bridhngton  they  rest  directly  on  the  chalk  (op.  cit.,  p.  48), 
that  is,  have  no  boulder  clay  or  true  drift  below  them.  Some 
manmialian  remains  have  occurred  there  in  a  buried  cliff, 
which  has  since  been  very  carefully  examined  by  Mr.  Lamp- 
lugh,  to  whom  I  shall  refer  presently.  His  conclusion  that 
this  bed  underlies  the  basement  bed  of  the  glacial  series  is 
confirmed  by  an  observation  of  Mr.  Beid,  who  says  that  a 
similar  bed  of  chalk  gravel,  as  shown  in  borings  at  Bridlington 
harbour,  rests  on  the  chalk,  and  is  clearly  beneath  the  base- 
ment clay  (ibid,,  p.  49). 

Turning  to  the  Hessle  manmialiferous  gravels  on  the 
Humber,  Mr.  Beid  admits  that  they  also  unmistakably  rest 
directly  on  the  chalk,  and  are  covered  and  overlapped  by 
boulder  clay.  Yet  he  goes  on  to  argue  that  "  we  have  nothing 
to  fix  the  age  of  the  Hessle  gravel  by,  and  that  there  is  no 
positive  evidence  whether  another  underlying  boulder  clay 
has  been  denuded  or  not".  If  so,  why  call  the  bed  inter- 
glacial? And  he  goes  on  to  say,  "Prof.  Phillips's  reference 
of  the  Hessle  gravels  to  a  pre-glacial  period  may  turn  out,  with 
fuller  evidence,  to  be  well  founded  **.  I  should  have  said  that 
it  was  conclusively  proved,  there  being  against  it  no  strati- 
graphical  facts,  but  merely  an  a  priori  prejudice  based  on 
some  theory  about  the  fossils. 

A  similar  bed,  but  without  fossils,  at  South  Ferriby  Cliff, 
on  the  south  of  the  Humber,  also  rests  on  the  chalk,  and  is 
overlain  by  boulder  clay. 

In  regard  to  the  marine  gravels  in  which  Prof.  Prestwich 
found  the  Cyrena  fluminalis,  and  which  have  yielded  many 
mammalian  remains,  Mr.  Beid  admits  that  at  one  spot,  at 
Kelsey  Hill,  a  face  of  about  twelve  feet  of  weathered  boulder 
clay,  with  small  stones,  can  be  seen  overlying  the  gravel  (ibid,, 
p.  54). 
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Mr.  G.  W.  Lamplngh,  in  his  paper  on  the  drifts  of  Flanir 
borough  Head  pnbUshed  some  years  ago,  is  most  clear  on  the 
subject.  He  describes  the  buried  cliff  at  Sewerby  as  having 
been  formed  by  marine  action  prior  to  the  deposition  of  any  of 
the  glacial  beds,  and  as  having  afterwards  been  buried  and 
-obliterated  by  the  accumulation  of  materials  banked  against  it 
(QtiarL  Jimrw.  Gtol.  Soc,,  vol.  xlvii.,  p.  394).  In  a  later  paper, 
where  he  enters  into  greater  detail,  he  puts  the  Sewerby 
gravels,  which  have  jaelded  so  many  pleistocene  manmialian 
remains,  distinctly  wider  the  whole  glacial  series,  and  notably 
under  the  so-called  basement  bed.  He  comes  to  precisely  the 
same  conclusion  in  regard  to  the  marine  shell  bed  at  Speeton 
{op.  cU.y  pp.  410-412).  In  the  discussion  on  this  paper  Mr.  E. 
T.  Newton  describes  the  remains  of  mammals  from  Sewerby 
as  ''just  such  an  assemblage  as  might  be  expected  in  an 
undoubted  pleistocene  deposit ". 

In  a  third  paper,  read  in  1887,  on  the  same  subject,  before 
the  Yorkshire  Geological  and  Polytechnic  Society,  Lamplugh 
demurs  to  Mr.  Beid  placing  the  beds  under  the  heading  of 
interglacial,  as  he  thinks  the  evidence  tells  strongly  towards 
their  pre-glacial  age,  that  is  to  say  if  the  term  pre-glacicU  may 
be  applied  to  beds  older  than  the  oldest  truly  glacial  deposit 
known  in  Yorkshire. 

It  seems  to  me,  therefore,  that  the  Yorkshire  evidence^ 
wherever  we  can  test  it,  agrees  with  that  of  Scotland  and  of 
Cheshire  in  compeUing  the  conclusion  that  the  horizon  con- 
taining remains  of  the  mammoth  and  its  companions  is 
distinctly  below  the  drift  beds. 

Having  sifted  the  evidence  in  so  far  as  it  is  available  in 
Scotland  and  the  north  of  England,  we  will  now  advance 
further  south;  and  first  in  regard  to  the  eastern  counties. 
Here,  as  elsewhere,  it  is  unfortunate  that  we  so  very  seldom 
can  find  the  beds  upon  which  the  solution  of  the  problem 
depends  in  actual  contact  so  as  to  apply  the  only  real  test, 
namely,  that  of  superposition.  When  we  can  do  so,  it  seems 
to  me  the  case  is  conclusive. 

In  Mr.  Jukes-Browne's  Survey  Memoir  on  the  eastern  part 
of  the  county  of  Lincolnshire  there  is  only  one  section  given 
in  which  the  pleistocene  manmials  occur,  namely,  at  Burgh. 
Here  remains  of  E,  antiquus^  E,  leptorhinus  and  Bos  primigenitcs. 
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or  of  bison,  were  found  in  gravel  underlying  three  to  six  feet 
of  boulder  clay  and  underlaid  by  a  black  turfy  bed  and  by 
marl  (op.  ciL,  p.  86). 

At  Little  Bytham,  in  the  same  county,  Mr.  Skertchly  found 
Corbictda  flvminalis,  which  marks  the  same  horizon,  under 
boulder  clay. 

We  will  now  turn  to  East  Anglia.  Becent  discoveries 
have  tended  to  increase  rather  than  to  solve  the  difficulty  of 
fixing  the  exact  age  of  the  forest  bed.  The  discovery  of 
remains  of  the  musk  sheep,  of  the  hysBua,  the  glutton,  all 
animals  characteristic  of  pleistocene  times,  seems  to  suggest 
either  that  the  forest  bed  has  been  hitherto  antedated,  or 
that,  tike  the  Norwich  Crag,  it  may  consist  of  rearranged  or 
remaniS  materials.  Whatever  view  may  be  adopted,  there  can 
be  little  doubt  now  that  the  manmioth  occurs  in  the  forest 
bed.  Dr.  Leith  Adams,  writing  in  1881,  describes  several 
molars  found  in  it  by  Mr.  Savin,  which  he  unhesitatingly 
identifies  as  mammoth,  and  he  adds,  ''I  can  have  no  hesi- 
tation in  admitting  the  manmioth  among  the  pre-glacial 
mammals  of  the  British  Isles'*  (Pal.  Mem.,  p.  174). 

This  last  clause  is  no  doubt  a  deduction  from  the  fact  that 
the  forest  bed,  as  exposed  at  Cromer,  underlies  the  whole  of 
the  drift  deposits. 

Mr.  Austen,  writing  in  the  seventh  volume  of  the  Quarterly 
Journal  of  the  Geological  Society,  speaks  of  the  beds  of  terrestrial 
origin  (i.e.,  of  the  land  surface)  exposed  at  Bunton  and  Mun- 
desley,  and  says  the  mammalian  remains  found  in  the  overlying 
till  have  in  every  instance  been  derived  from  portions  of  the 
expanse  of  that  former  terrestrial  surface  {op,  cit.,  p.  133). 

Again,  Prof.  Dawkins  tells  me  that  one  of  Mr.  Gunn's 
elephant  teeth  from  the  Norfolk  coast  was  striated  and  rubbed 
as  if  by  glacial  action. 

It  is  in  Suffolk,  however,  not  in  Norfolk,  that  the  most  in- 
teresting and  critical  test  case  is  supposed  to  have  been  forth- 
coming, namely,  the  classical  section  at  Hoxne  first  described 
by  Prof.  Prestwich  in  1859,  and  which,  for  a  long  time,  was 
accepted  as  conclusive,  and  is  still  the  basis  of  the  orthodox 
geological  opinion  about  the  age  of  paleolithic  man.  It  seems 
to  me  that  the  conclusions  based  upon  this  particular  instance 
vdll  have  to  be  surrendered.     In  the  first  place,  the  sections 
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given  by  Prof.  Prestwich  are  most  uncertain  in  their  reading. 
Thus  in  the  first  and  most  important  section  no  bed  of  boulder 
day  is  given  at  all.  In  the  section  of  the  pit  in  which  flint  imple- 
ments and  mammalian  remains  were  actually  found,  all  the  beds 
contain  fresh-water  shells  or  peat,  or  mammaUan  bones,  and 
there  is  no  trace  of  drift  at  all  (see  Phil.  Trans.,  vol.  cl.,  p.  305). 

Feet 
1  to  2  a.    Surface  soil,  traces  of  sand  and  gravel. 

10  to  12  b.  Brown  and  greyish  olay,  not  calcareous,  used  for  brick-earth, 
with  an  irregular  central  carbonaceous  or  peaty  seam.  Two 
flint  implements  found  in  this  seam  the  previous  winter. 

}  to  1  c.  Yellow  rectangular  flint  gravel  with  some  chalk  pebbles  and 
pebbles  of  silicions  sandstone,  quartz  and  other  older  rocks. 
Bones  of  mammalia. 

8  to  4  d.  Bluish  and  grey  calcareous  day  in  places  very  peaty,  with  wood 
and  vegetable  remains,  land  and  fresh- water  shells.  Bonea 
of  mammalia. 

1  to  1}  €.  Qravel  like  c,  but  smaller  and  more  worn,  with  more  chalk 
pebbles. 

/.  Calcareous  grey  clay  more  or  less  peaty,  with  fresh-water  shells. 
Mr.  Prestwich  savs  he  made  a  boring  in  this  day  17  feet 
deep  without  reaching  bottom. 

It  is  true  that  Mr.  Prestwich  and  Sir  J.  Evans  had  some 
trenches  dug  in  other  parts  of  the  field  which  showed  the 
white  and  ochreous  sands  and  gravels  to  be  underlaid  by  a 
grey  day,  but  I  altogether  demur  to  treating  this  clay  as 
boulder  clay.  It  seems  to  me  to  answer  to  the  clay  marked 
/  in  the  big  section  in  the  pit.  At  a  distance  of  150  yards 
from  this  pit  is  another  pit  where  boulder  clay  is  dug,  and 
here  we  are  expressly  told  that  no  other  beds  were  exposed 
{ibid.,  p.  307).  Mr.  Prestwich  himself  calls  attention  to  the 
unsatisfactory  character  of  the  evidence  (ibid.).  The  boulder 
clay  caps  all  the  hills  around.  Its  very  uneven  base  rests  on 
white  and  yellow  sands  and  gravel. 

In  1876  Mr.  Belt  wrote  an  elaborate  paper  in  the  Quoflrterly 
Journal  of  Science,  giving  many  sections  of  the  ground  at 
Hoxne,  in  which  he  sharply  contested  Prof.  Prestwich's  con- 
clusions and  avowed  his  opinion  that  the  facts  prove  the 
implement-bearing  gravel  there  to  underlie  and  not  overlie  the 
boulder  clay. 

Mr.  Horace  Woodward,  in  a  paper  read  before  the  Norwich 
Geological  Society,  says  Mr.  Belt  recorded  traces  of  chalky 
boulder  clay  in  the  Hoxne  beds,  and  adds :  **  My  colleague,  Mr. 
Reid,  and  myself  subsequently  observed  two  tiny  traces  of 
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this  boulder  clay  on  the  brick-earth  in  the  pit  in  the  park  ** 
{J^roc.  Nonoich  GeoL  Soc.,  part  2,  p.  62). 

It  having  been  suggested  that  these  pockets  of  boulder  clay 
were  brought  into  their  position  by  man,  Mr.  Reid  writes : 
'*  They  seemed  to  have  been  there  for  a  long  time,  for  they 
were  grassed  over,  and,  if  I  remember  rightly,  an  oak  tree 
was  growing  on  one  of  them"  (Mems.  Oeol.  Sur.,  50,  New 
Series,  p.  30). 

The  problem  was  in  this  position  when  in  1895  the  British 
Association  appointed  a  special  committee  to  inquire  into 
the  whole  question,  and,  mirabile  dictUy  in  selecting  the  com- 
mittee they  did  not  place  a  single  person  on  it  known  as 
an  authority  who  was  not  already  committed  to  a  particular 
opinion.  This  is  a  strange  method  of  dealing  with  contro- 
verted issues. 

The  report  of  this  committee  was  presented  to  the  British 
Association  at  its  Liverpool  meeting  in  1896,  and  it  is  very 
well  worth  reading. 

In  the  first  place,  not  a  single  flint  implement  was  found  at 
all,  nor  yet  a  pleistocene  bone.  Secondly,  the  only  real  test  of 
any  value  applied  was  a  shaft  dug  down  in  a  specially  selected 
place,  which  selection  was  made  quite  fairly.  The  critical  lig- 
nite bed,  with  the  associated  black  loam,  was  speedily  found. 
The  important  thing,  of  course,  was  to  find  the  boulder  clay  be- 
low it.  I  will  now  quote  the  reporter's  own  words :  "  At  a  depth 
of  twenty  feet  below  the  present  surface  they  had  sunk  through 
paleolithic  brick-earth  and  gravel ;  through  beautifully  lamin- 
ated loams  with  leaves  of  arctic  plants  ;  through  a  seam  of  lig- 
nite and  a  foot  into  hard  green  lacustrine  clay.  The  lignite  and 
the  sandy  lower  part  of  the  arctic  leaf  bed  looked  treacherous 
and  needed  careful  timbering ;  it  was,  thereforey  decided  to  give  up 
sinking  and  to  bote  to  the  base  of  the  lacustrine  clay.  This  was 
reached  at  a  depth  of  forty-one  and  a  half  feet  from  the  present 
surface.  .  .  .  Directly  the  augur  penetrated  the  clay  and  sank  into 
the  sand  below,  water  rose  up  so  as  to  stop  work. 

Then  comes  the  delightful  comment :  "  There  was  no  need, 
however,  to  bore  further,  as  the  doubtful  points  were  already 
settled  ".  Can  anything  be  more  ludicrous  ?  The  sand  which 
was  reached  is  called  glacial  sand  in  the  annexed  plan.  This 
is  just  as  arbitrary  as  Mr.  C.  Beid's  habitually  naming  the 


A  Criticism  of  the  Hoxne  Evidence,  63 

barren  sands  of  the  crag  in  East  Anglia  glacial  sands  when 
they  are  needed  to  support  his  interglacial  theories.  Nay,  it 
is  a  good  deal  more  arbitrary,  for  on  page  410  we  are  actually 
told  that  the  sandy  base  of  bed  E,  that  is,  of  the  lacustrine 
clay  above  mentioned,  which  rests  on  this  very  sand,  "  was 
full  of  small  derivative  valves  of  Balani,  such  as  are  so 
abundant  in  the  Norwich  crag  " ;  and  the  statement  is  further 
made  that  "  possibly  the  crag  may  have  been  reached  '\ 

Thus  we  have  a  bed  of  Norwich  crag  labelled  glacial  sand, 
and  on  the  strength  of  this  sand  the  lignite  is  declared  to  be 
interglacial,  and  the  doubtful  points  are  declared  to  be  settled. 
Is  this  science,  or  is  it  only  glacial  science  ?  The  fact  that 
the  boulder  clay  was  not  found  in  their  pit  was  no  doubt  a 
very  awkward  fact  for  those  who  went  down  to  Hoxne  at  the 
expense  of  the  British  Association,  and  in  order  to  get  round 
it  we  are  told  quite  arbitrarily  that  the  clay  was  cut  through 
before  the  lacustrine  deposits  were  laid  down.  It  is  curious  if 
the  clay  was  so  cut  that  the  underlying  soft  crag  sands  with 
the  shells  on  them  were  not  disturbed.  What  is  perfectly 
plain  is  that  the  case  of  those  who  have  been  urging  that  the 
implement  bed  at  Hoxne  was  proved  by  this  excavation  to  be 
above  the  boulder  clay  utterly  fails,  and,  so  far  as  this  hole  is 
concerned,  is  completely  disproved. 

The  rest  of  the  report  deals  entirely  with  the  bore  holes, 
which  seem  to  me  quite  ridiculous  tests  when  applied  to 
boulder  clays,  for  what  we  want  to  know  is  not  whether  a 
clay  bed  exists  under  the  lignite,  but  whether  this  is  a  true 
boulder  cIaj  with  foreign  stones  in  it.  How  is  this  to  be  ascer- 
tained with  any  precision  by  a  boring  rod  ?  Let  us,  however, 
turn  to  the  evidence  such  as  it  is. 

The  first  thing  to  note  is  that  in  no  single  case,  so 
far  as  I  can  judge,  was  boulder  clay  found  underlying  the 
implement  beds.  The  succession  of  the  beds  found  is  as 
follows : — 

(a)  Brick-earth  with  fresh-water  shells,  wood  and  paleo- 
lithic implements. 

(b)  Gravel  and  carbonaceous  loam. 

(c)  Black  loam  with  leaves  of  arctic  plants. 

(d)  Lignite  with  temperate  plants. 

{e)  Lacustrine  clay  with  temperate  plants. 
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Twenty  trial  borings  altogether  were  maide.  In  1,  2,  5,  7, 
8, 11, 17  and  20  no  boulder  clay  at  all  was  found.  In  3,  4 
and  18  the  clay  was  covered  apparently  by  rain  wash  only. 
In  9  the  chalky  clay  was  on  the  surface  and  overlaid  by 
nothing;  after  piercing  it  for  twenty-four  feet  some  sand 
was  found.  6  was  entirely  off  the  line  of  other  borings  in  a 
bank  five  feet  below  the  road,  and  apparently  altered  ground. 
20  was  made  in  another  bank ;  10,  11, 12  and  19  were  dug  in 
made-ground,  and  were  therefore  valueless,  as  may  be  seen 
(apart  from  this  fact)  from  the  details  given. 

We  have  thus  left  for  consideration  13,  14,  15  and  16, 
and  in  all  these  cases  we  have  the  remarkable  fact  that  all 
the  beds  B,  G,  D  and  E  have  vanished,  not  one  of  them,  or  a 
trace  of  them,  was  found,  showing  that  the  whole  ground 
had  been  denuded,  if  they  were  ever  there,  and  therefore  that 
the  covering  of  the  clay  could  not  be  A,  which  in  such  a  case 
must  have  been  the  first  to  go,  and  making  it  absolutely 
arbitrary  to  identify  these  surface  coverings  with  A  at  all. 

With  these  most  slippery  facts  our  entirely  biassed 
committee  has  the  assurance  to  say  that  "the  evidence  is 
now  perfectly  clear  that  the  well-known  paleoUthic  imple- 
ments of  Hoxne  are  much  later  than  the  boulder  clay  of  that 
district "  {Report  to  the  Brit.  Assoc.,  p.  12).  The  fact  is,  this 
egregious  conunittee  simply  blew  their  own  case  into  the  air. 

It  is  clear,  therefore,  that  when  analysed  the  case  so  often 
quoted,  and  upon  which  such  a  stupendous  induction  has 
been  based,  utterly  breaks  down,  and  that  the  evidence  there, 
if  it  points  a  moral  at  all,  points  to  the  actual  reverse  of  the 
one  maintained  by  so  many  geologists. 

Let  us,  however,  proceed  further,  and,  in  the  first  place, 
turn  to  another  district  in  Suffolk,  namely,  the  neighbourhood 
of  Brandon. 

Mr.  Skertchly  afl&rms  positively,  in  one  of  the  volumes  of 
the  Memoirs  of  the  Geological  Survey,  that  early  paleolithic 
remains  are  found  there  in  a  series  of  loams,  sands  and 
gravels  overlaid  by  chalky  boulder  clay.  "  To  this  series,"  he 
says,  "  I  have  given  the  name  of  the  Brandon  beds.  They 
are  very  fragmentary,  but  seem  to  occur  pretty  nearly  all 
over  East  Anglia  wherever  the  chalky  boulder  clay  extends, 
always  cropping  out  at  or  close  to  its  base,  and  never  in 
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a  single  instance  occurring  away  from  it.  This  remarkable 
association  is  only  explicable  on  the  supposition  that  the 
Brandon  beds  are  older  than  the  chalky  boulder  clay,  and 
indeed  that  clay  can  be  actually  seen  lying  thick  upon  them, 
and  often  contorting  them,  sometimes  for  a  mile  at  a  stretch. 
Up  to  the  present  time  they  have  yielded  implements  or 
flakes  at  Botany  Bay  (near  Brandon),  Mildenhall  brickyard. 
High  Lodge,  Mildenhall,  Bury  St.  Edmunds,  West  Stow 
and  Culford.  The  first  discovery  was  at  Botany  Bay,  and 
at  the  time  no'  boulder  clay  was  visible  at  the  precise  spot, 
but  it  has  since  been  met  with,  and  I  had  the  pleasure  of  the 
experience  of  Mr.  Amund  Helland  when  this  fact  was  made 
clear.  At  Mildenhall  brickyard  and  High  Lodge  good  thick 
chalky  boulder  clay  overlies  the  Brandon  beds,  whence  many 
implements  have  been  obtained,  and  at  Culford,  whence  I 
dug  out  a  good  flake,  in  company  with  Mr.  F.  J.  Bennett, 
the  Brandon  beds  are  worked  under  fifteen  feet  of  chalky 
boulder  clay,  and  can  be  traced  beneath  that  deposit  for  the 
distance  of  a  mile  to  the  eastward  "  (Aqt  of  Paleolithic  Ma/n, 
pp.  67-69). 

I  ought  to  say  that  on  a  copy  of  this  memoir  in  the  Jermyn 
Street  Museum  there  is,  in  the  handwriting  of  Prof.  Bamsay, 
the  following  note  attached  to  a  section :  ''  Pit  beneath 
boulder  clay,  opened  for  some  years,  and  dug  into  again  in 
1878,  where  the  flint  implements  were  found,  sent  to  the 
museum  by  Mr.  J.  C.  Maynard,  of  Brandon  **  (ibid.,  p.  68). 

Li  regard  to  the  beds  at  Mildenhall,  where  Mr.  Skertchly 
found  his  paleolithic  implements,  Mr.  H.  B.  Woodward, 
who  has  examined  the  locality  carefully,  says :  "  There  was 
brick-earth  overlaid  by  boulder  clay.  .  .  .  There  was  no 
escape  from  the  conclusion  that  the  brick-earth  was  older 
than  the  boulder  clay.  This  bed  of  brick-earth,  and  other 
beds  of  brick-earth  near  Thetford,  interested  me  much,  for 
I  had  come  across  similar  beds  near  Norwich,  which  were 
older  than  the  boulder  clay.  Sir  A.  C.  Bamsay,  Mr.  Bristow, 
Mr.  Whitaker  and  others  have  since  seen  the  sections  de- 
scribed by  Mr.  Skertchly,  and  have  agreed  with  him  that  the 
brick-earth,  said  to  contain  paleolithic  implements,  is  older 
than  the  boulder  clay"  (Proc.  GeoL  Assoc.,  vol.  ix.,  No.  1). 

Speaking  of  the  gravels  at  Ipswich  in  which  mammalian 
II.  5 
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remains  have  occurred,  Mr.  Whi taker  refers  to  the  difficulty 
of  classifying  the  gravel  and  in  dividing  it  from  the  like 
deposit  of  glacial  age  again&t  which  it  ends  off.  He  also  speaks 
of  the  boulder  clay  having  been  found  at  the  surface  in  the 
town  itself  {Geology  of  Ipswich,  etc.,  p.  93). 

Elsewhere  he  writes  of  finding  pieces  of  bone  or  of  ele- 
phant's tusk,  with  shells,  in  a  low  cliff  of  buff  sand  and  loam, 
lying  directly  on  London  clay  (ibid.,  p.  95). 

The  horizon  of  the  famous  mammalian  deposit  at  Barring- 
ton,  in  Cambridgeshire,  has  been  much  discussed,  and  it  has 
been  very  dogmatically  stated  on  more  than  one  occasion  that 
the  beds  are  post-glacial,  meaning  posterior  to  the  deposition 
of  the  drifts.  I  cannot  see  any  evidence  of  this.  The  sec- 
tions clearly  show  that  the  bone  beds  are  overlaid  by  trail,  as 
Mr.  Irving  himself  admits  (Quart,  Joum,  GeoL  Soc,,  vol.  xxxv., 
p.  670),  and  that  they  rest  on  the  greensand  and  chalk-marl. 

In  the  adjoining  county  of  Bedford  I  know  of  no  direct 
evidence  of  superposition,  but  inasmuch  as  a  great  deal  has 
been  made  of  such  evidence  as  is  there  forthcoming  by  the 
Advocates  of  the  so-called  post-glacial  date  of  the  mammoth 
Biud  paleolithic  man,  it  may  be  well  to  devote  a  few  words  to 
them,  and  especially  to  the  section  at  Biddenham. 

Mr.  Prestwich  has  given  an  admirable  section  of  the 
-deposits  in  the  valley  of  the  Ouse  at  this  point  (Quart,  Jowm. 
GeoL  Soc.,  vol.  xvii.,  p.  364).  From  this  section  it  seems 
that  the  valley  of  the  Ouse  has  been  scooped  out  of  the  ooUtic 
rocks  known  as  Combrash.  In  the  lowest  portion  of  the 
trough  so  created  runs  the  river  Ouse,  which  has  deposited 
a  certain  amount  of  alluvium  along  its  course.  On  a  higher 
level  in  the  valley  is  the  bed  of  gravel  in  which  the  flint 
implements  were  found.  Lastly,  the  bounding  heights  of 
the  valley  on  each  side  are  capped  with  boulder  clay,  which 
stretches  for  miles  in  all  directions  (Lyell,  op,  cit.).  The 
theory  generally  adopted  is  that  the  boulder  clay  was  once 
continuous  across  the  valley,  and  that  the  valley  has  been 
scooped  out  of  it.  This  is  the  view  of  Mr.  Prestwich,  Sir  J. 
Evans,  Sir  Charles  Lyell,  etc. 

One  thing  is  clear,  if  the  boulder  clay  once  occupied  the 
valley  in  this  way  the  scooping  out  must  have  been  most 
complete,  and  the  floor  of  the  valley  laid  bare ;  for,  as  Sir 
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Charles  Lyell  expressly  tells  us,  the  two  implements  first  fomid 
in  the  gravel  were  found  ''  at  the  depth  of  thirteen  feet  from 
the  surface  and  rested  immediately  on  solid  beds  of  oolitic 
limestone/'  and  so  he  reprints  it  in  his  section.  At  this 
point,  then,  the  evidence  is  plain  that  there  is  no  superposition 
of  the  flint-bearing  beds  on  the  glacial  clay.  The  former  lie 
directly  on  the  floor  of  the  valley,  and  such  evidence  as  is 
forthcoming  at  this  point  is  of  an  essentially  secondary  and 
deductive  character,  and  certainly  does  not  warrant  the  asser- 
tion of  Sir  Charles  Lyell  that  the  Bedford  sections  teach  us 
that  the  fabricators  of  the  antique  tools  and  the  extinct 
mammalia  coeval  with  them  were  post-glacial  (ilid^y  p.  217). 
But  let  us  proceed  somewhat  further.  In  1866  Mr.  Flower 
described  the  discovery  of  flint  implements  at  Thetford,  on 
the  Ouse.  These  he  tells  us  were  obtained  from  twelve  to 
fifteen  feet  below  the  surface  amd  toithin  a  foot  or  less  of  the 
chalk  on  which  the  gravel  rests ;  and  some  were  fotmd  in  some 
gravel  filling  potholes  in  the  chalk  {Quart.  Jov/m,  Oeol.  Soc.,  vol. 
xxii.,  p.  567).  Here  the  evidence  carries  our  case  still  further, 
for  not  only  does  the  gravel  lie  inamediately  on  the  solid  rock, 
but  also  in  the  potholes;  so  that  the  sweeping  out  of  the 
boulder  clay  must  have  indeed  been  complete  and  profound. 
Let  us  turn  to  another  site  in  the  same  valley,  namely,  at 
Summerhouse  Hill,  where  Mr.  Wyatt  found  flint  implements 
which  had  come  from  beds  containing  a  similar  assortment 
of  mammalian  bones  and  land  and  fresh- water  shells  to  those 
found  nearer  Bedford.  He  gives  an  admirable  section  across 
the  valley  at  this  point  showing  a  state  of  things  precisely 
the  same  as  in  the  sites  already  referred  to  {Qua/rt.  Jov/m,  Geol. 
Soc,,  vol.  XX.,  p.  186). 

The  boulder  clay  caps  the  ridges  of  Navesden  and  Hammer 
BttU,  bounding  the  valley  on  either  side ;  but  within  the 
valley  itself,  including  the  elevation  of  Summerhouse  Hill, 
there  is  no  glacial  deposit.  That  hill  divides  the  valley  into 
two  troughs,  in  each  of  which  the  drift  gravels  with  mam- 
malian bones  and  shells  are  found,  and  in  each  these  gravels 
repose  on  the  Oxford  clay  and  that  on  the  limestone  of  the 
middle  oolite. 

I  am  further  bound  to  say  that  in  Mr.  Wyatt's  section, 
pubb'shed  in  the  Geologist  for  1861  (p.  243),  and  again  by  Mr. 
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Prestwich  in  the  Q^aTtefrVy  Jowmdl  of  the  Geological  Society  (vol. 
xvii.,  p.  364),  the  mammal  and  implement  bed  at  Biddenham 
appears  to  be  overlain  by  drift. 

Turning  from  Bedfordshire  the  only  discoveries  of  interest 
in  central  England  in  the  present  discussion  were  made  in 
Hertfordshire. 

Prof.  Prestwich,  writing  in  1868,  says :  "  A  ballast  pit  has 
recently  been  opened  at  the  Watford  end  of  the  Bricket  Wood 
cutting,  and  immediately  south  of  the  line,  which  exposes  a 
section  of  much  interest.  The  boulder  clay  has  there  almost 
thinned  out,  leaving  but  a  seam  one  or  two  feet  thick,  whilst 
above  and  below  it  is  a  thick  bed  of  graveL  .  .  .  The  lower 
gravel  I  beUeve  to  pass  under  the  boulder  clay.  ...  In  the 
ballast  pit  I  was  fortunate  enough  to  discover  in  the  lower 
gravel  a  few  pieces  of  the  tooth  and  tusk  of  the  elephant.  .  .  . 
The  lower  gravel  reposes  upon  an  irregular  surface  of  chalk  "^ 
{Geologist,  1858,  p.  242). 

Let  us  now  turn  to  the  Welsh  caves.  These  caves  are 
very  important,  since  the  evidence  they  preserve  is  much 
less  liable  to  sophistication,  and  it  is  the  fact  of  the  existence 
of  such  evidence  in  a  distinct  form  in  so-called  glaciated 
districts  in  England,  whereas  it  does  not  so  occur  on  the 
Continent  and  America,  that  makes  the  English  evidence  so 
valuable. 

Dr.  Buckland  says  that  in  1836  he  found,  on  the  property 
of  Mr.  liloyd,  near  Cefn  cave,  fragments  of  marine  sheila 
associated  with  the  usual  detritus,  and  inferred  from  the  fact 
of  Mr.  Trimmer  and  Dr.  Scouler  having  discovered  recent 
marine  shells  and  drifted  pebbles  over  the  bones  in  the  cave, 
and  from  the  admixture  of  the  bones  of  manmiifers  with 
diluvium  in  Kirkdale,  Torquay,  and  other  caverns,  either 
that  these  caves  were  submerged  subsequently  to  their  having 
been  inhabited  and  again  raised  above  the  level  of  the  sea, 
or  that  vast  irruptions  of  water,  apparently  loaded  with  ice- 
bergs, had  overwhelmed  the  country  {Proc,  Geol.  Soc.,  vol.  iii., 
p.  684). 

Making  allowance  for  the  geological  language  which  then 
prevailed,  this  means  that  so  far  back  as  1836  Dr.  Buckland 
had  affirmed  that  the  mammalian  bed  in  the  Cefn  cave  was 
overlaid  by  drift. 
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Mr.  D.  Mackintosh,  in  speaking  of  the  Cefn  and  Pont 
Newydd  caves,  refers  to  the  clay  in  the  cavern  as  containing 
angular  and  subangalar  fragments  of  limestone,  a  few  polished 
fragments  and  pebbles  of  limestone,  and  a  few  pebbles  of 
Denbighshire  sandstone  and  grit,  felstone,  etc.,  and  he  says  : 
"It  is  horizontally  continuous  with  the  upper  boulder  clay 
of  the  district.  The  clay  can  be  traced  along  the  plain  of 
Lancashire  and  Cheshire,  the  coast  of  Flintshire,  and  up 
the  vale  of  Clwyd.  It  spreads  over  the  gently  rising  ground 
between  St.  Asaph  and  the  Cefn  and  Pont  Newydd  caves, 
and  it  may  be  seen  all  round  the  caves,  in  some  places  filling 
up  hollows,  in  others  covering  plateaux,  and  in  not  a  few 
instances  ch'nging  to  the  face  of  steep  slopes,  or  even  adhering 
to  narrow  rock  terraces  or  ledges.  I  have  been  familiar  with 
this  clay  in  Cheshire  and  Fhntshire  for  four  years,  and  have 
therefore  little  hesitation  in  asserting  that  traces  of  it,  in  an 
unmodified  state,  may  be  found  at  the  entrances  of  both  the 
Pont  Newydd  and  Cefn  caves,  that  in  the  interior  of  the  Cefn 
cave,  for  a  considerable  distance  from  the  entrance,  there  are 
indications  of  this  clay  once  having  filled  the  cave  nearly,  if 
not  quite,  to  the  roof,  that  in  the  interior  of  the  Pont  Newydd 
cave  it  maintains  its  unmodified  character  for  a  considerable 
distance  from  the  entrance,  and  that  in  no  part  of  these  two 
caves  has  this  clay  been  modified  further  than  what  may  have 
resulted  from  the  dropping  of  calcareous  matter,  from  the 
temporary  pounding  back  of  water  in  the  recesses  or  hollows, 
or  from  accumulations  within  the  caves  under  conditions 
which  may  have  differed  from  those  without "  {Qua/rt.  Joum, 
Geol  Soc.,  vol.  xxxii.,  p.  92). 

Trimmer,  as  long  ago  as  1841,  showed  that  the  deposits 
in  the  main  Cefn  cavern  consisted  of  two  layers  separated  by 
stalagmite,  the  upper  one  containing  angular  fragments  of 
Umestone,  on  the  surface  of  which  were  sand  and  marl  con- 
taining fragments  of  marine  shells  like  those  dispersed  over 
the  neighbouring  district.  Dr.  Hicks  considers  that  the 
stalagmite  was  formed  over  the  bones  in  this  cave  ''  before  any 
of  the  northern  drift  and  sand  with  marine  shells  had  been 
carried  into  the  cave.  .  .  .  Had  this  cavern  been  formed  after 
the  northern  drift  had  been  deposited  on  the  surface  above 
the  cavern,  it  is  clear  that  some  of  that  drift  would  have  been 
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carried  in  through  the  fissnres  from  the  first  and  been  mixed 
with  the  oldest  deposit.  The  higher  caverns  on  this  side  of  the 
vale  of  Clwyd,  like  those  on  the  east  side,  were  undoubtedly 
formed  before  the  glacial  period,  and  were  occupied  by  cami- 
vora  before  the  local  glaciers  had  reached  them/'  Bamsay 
said  of  this  cave:  "With  Falconer  I  found  fragments  of 
marine  shells  of  the  drift  in  the  cave  overlying  the  detritus 
that  held  the  bones  of  elephants  and  other  mammalia'*. 
This  was  in  1876.  The  same  view  in  regard  both  to  the 
Pont  Newydd  and  Cefn  caves  was  held,  as  we  have  seen,  by 
Mr.  D.  Mackintosh  {%M.,  pp.  90-92). 

Let  us  now  turn  to  another  case.  The  Cae-Gwjm  cave 
has  acquired  a  great  notoriety  in  this  controversy.  The 
evidence  it  furnishes  seems  to  me  to  be  clear  and  conclusive 
that  the  paleolithic  remains  found  in  it  were  overlaid  by 
drift  at  135  feet  from  the  entrance.  As  early  as  1885  sand 
(Uke  true  marine  sand)  was  found  overlying  the  bone  bed  and 
laminated  clays.  This  sand  was  examined  in  that  year  by 
Prof.  Dawkins,  who  says :  "I  have  carefully  compared  the  sand 
and  gravel  found  in  the  upper  cave  at  Cae-Gwyn  and  the 
mud  sometimes  adhering  to  the  bones  with  the  glacial  sand 
and  gravel  which  occurs  in  the  valley  a  little  way  above,  and 
find  that  in  every  particular  they  agree.  I  have  also  com- 
pared them  with  the  glacial  sands  and  gravels  near  St. 
Asaph,  and  find  that  all  three  are  composed  in  the  main  of 
quartz,  quartzites  and  silurian  fragments  "  {(^aart,  Journi,  GeoL 
Soc,  xliv.,  p.  562). 

Dr.  Hicks  was  the  first  person  to  elaborately  explore  the 
cavern,  in  1886  and  1888,  and  he  tells  us  that  in  it  the  bone  earth 
with  its  remains,  including  flint  implements,  was  found  covered 
in  by  stalagmite  over  which  was  a  sandy  gravel  and  clay 
with  blocks  of  limestone,  etc.  Not  a  fragment  of  anything 
that  could  be  called  foreign  material  occurred  anywhere  under 
the  stalagmite  floor,  while  they  occur  in  the  newer  and  over- 
Ijang  deposits  and  everywhere  in  the  neighbourhood  of  the  cave. 
In  some  places  the  stalagmite  floor  was  broken  through  and  the 
bones  were  mixed  with  the  drift.  Subsequently  some  of  the 
mixed  drift  from  the  western  and  northern  areas  was  introduced 
into  the  cave.  Eventually  the  cave  was  completely  covered 
over  by  the  next  drift  {Qtuj/rt,  Joum.  Oeol.  Soc.,  liv.,  pp.  85,  86). 
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Again,  he  says  he  foimd  in  it  an  earthy  clay  identical  in 
appearance  with  the  upper  bonlder  clay  in  this  area,  especially 
that  about  St.  Asaph  and  in  the  centre  of  the  vale  of  Clwyd, 
and  containing  rolled  pebbles  of  felsite,  quartz,  quartzite, 
sandstone,  silurian  and  older  rocks  as  in  that  deposit ;  there 
were  also  fragments  of  an  old  stalagmite  floor ;  underneath 
this  layer  were  found  bones  of  pleistocene  animals  and  a 
flint  implement.  T^w  was  foimd  '' imder  the  drift**.  "We 
clearly  recognised,"  says  Dr.  Hicks,  "  the  similarity  between 
the  material  in  the  eavem  and  some  of  the  deposits  classed 
with  the  upper  boulder  clay  in  the  area,  and  these,  as  we  after- 
wards found,  extended  continuously  outwards  from  the  buried 
entrance  to  form  the  lower  part  of  the  drift  section  exposed 
in  the  field  beyond. 

"  As  in  the  Ffynnon  Beuno  cave,  there  were  in  some  cases 
local  materials  at  the  base  which  had  not  been  disturbed; 
but  the  thick  stalagmite  floor  which  had  at  one  time  covered 
the  animal  remains  had  been  everywhere  broken  up  and  been 
scattered  about  in  the  drift  along  with  the  bones.  .  .  .  Marine 
shells  are  constantly  found  in  the  drift  in  this  area,  and  a  very 
distinct  band  containing  marine  shells  in  considerable  abun- 
dance was  foimd  in  the  drift  outside  the  covered  entrance  (to 
the  cave),  and  in  the  lower  parts  of  the  section  there  were  very 
clear  signs  of  stratification.  Mr.  G.  H.  Morton,  who  visited 
the  cave  in  1897,  says  he  stayed  in  the  neighbourhood  during 
the  excavations  for  eleven  days,  besides  other  visits,  and  had 
ample  opportunity  of  constantly  observing  the  boulder  clay 
as  well  as  the  sand  and  gravel  and  other  beds  beneath  it,  and 
he  gives  the  section  as : — 

"  (1)  Boulder  clay,  six  feet,  overlapping  the  limestone  about 
the  entrance  to  the  cave  and  with  many  species  of  shells  near 
the  base. 

''  (2)  Sand  and  gravel,  eight  feet,  ending  against  the  lime- 
stone and  filling  the  upper  part  of  the  cave. 

"(3)  Laminated  clay,  six  feet,  underlying  the  sand  and 
gravel  and  penetrating  the  whole  extent  of  the  cave. 

*'  (4)  Bone  earth,  one  to  six  inches,  with  fragments  of  stalag- 
mite, mammalian  bones,  teeth  and  a  flint  flake  clearly  under- 
lying the  laminated  clay  over  an  area  of  several  square  yards 
outside  the  entrance  and  the  whole  floor  inside  the  cave.  •  .  . 
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The  laminated  clay  had  clearly  been  deposited  tranquilly  over 
the  bone  earth,  the  sand  and  gravel  were  over  the  laminated 
clay,  but  current-bedded  as  such  so-called  'middle  sands' 
often  are.  Finally,  the  boulder  clay  occurred  over  the  sand 
and  gravel  without  any  evidences  of  disturbance  or  rearrange- 
ment of  any  kind.  The  top  of  the  boulder  clay  formed  the 
surface  of  a  nearly  level  field,  there  being  no  higher  ground 
near,  from  which  the  debris  could  have  been  derived,  and 
there  is  no  reason  for  supposing  that  the  surface  over  the  cave 
was  ever  deeply  covered  with  clay.  .  .  .  The  boulder  clay 
resembled  undisturbed  clay  as  seen  anywhere  in  the  vale  of 
Glwyd,  Cheshire  or  Lancashire,  while  the  erratics  it  contained 
were  very  similar  "  (tftid.,  pp.  86-89). 

Again,  Dr.  Hicks  says  :  ''  The  recent  researches  at  Gae-Gwyn 
have  proved  most  conclusively  that  there  was  no  foundation 
for  the  views  of  those  who  contended  that  the  drift  which 
crossed  over  the  entrance  and  extended  into  the  cavern  was 
remaniJi  and  had  gradually  crept  down  the  hill.  They  have 
shown  beyond  the  possibility  of  doubt  that  the  deposits  which 
overlie  the  true  cave  earth  are  in  situ  and  are  identical  with 
the  typical  glacial  deposits  of  the  area.  .  .  .  The  excavations 
carried  on  in  1885,  1886  and  1887  show  that  the  caves  must 
have  been  occupied  by  the  animals  before  any  of  the  glacial 
deposits  now  found  there  had  accumulated  "  {ibid.,  p.  575).  Mr. 
De  Ranee  writes,  June,  1886 :  "  The  entrance  to  the  cavern 
had  been  discovered,  and  a  vertical  shaft  twenty  feet  deep 
disclosed  boulder  clay  resting  on  drift  sand  which  passed 
continuously  into  the  cavern  itself,  while  the  underlying  bone 
earth  similarly  passed  outside  the  cavern  and  formed  the  base 
of  the  cutting  as  far  as  it  was  carried.  In  June,  1887,  the 
pit  in  the  drift  was  cut  still  further  back,  the  bone  earth  stUl 
continuing  to  form  the  base  of  the  glacial  drift"  (ibid,,  p. 
576).  "Mr.  Strahan  beheved  that  the  drift  of  the  mouth  of 
the  cave  was  part  of  the  northern  drift  which  he  had  mapped 
over  a  large  part  of  Denbighshire,  Flintshire  and  Cheshire, 
and  that  the  bone  earth  lay  beneath  it "  {ibid.,  p.  577). 

In  the  discussion  on  Prof.  Hughes'  paper  in  the  Qvarterly 
Journal  of  the  Geological  Society  (vol.  xliii.)  on  the  drifts  of  the 
vale  of  Clwyd,  Dr.  Hicks  said  the  Arenig  drift  is  known  from 
well-sinkings  to  be  underlain  by  sands  and  gravels  like  those 
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at  Talargoch,  in  which  bones  of  animals  similar  to  those 
found  in  the  caverns  have  been  discovered.  He  said, 
further,  that  he  was  perfectly  convinced  by  the  evidence 
found  during  the  exploration  of  the  caves  of  Ffynnon  Beuno 
and  Cae-Gv^n  that  they  must  have  been  occupied  by  man 
and  the  animals  before  the  chmax  of  the  ice  age,  and  that 
the  mammaUan  remains  and  the  implements  must  be  con- 
sidered as  of  pre-glacial  age.  Prof.  Dawkins  said  that  after 
examining  the  first  section  he  felt  obliged  to  accept  Dr.  Hicks' 
evidence.  The  drift  above  the  place  where  the  implements 
were  found  was,  in  his  opinion,  not  remanie^  but  in  situ ;  with 
regard  to  the  mammalia  found  in  the  caves  of  the  vale  of 
Clwyd  nearly  all  were  living  in  the  eastern  counties  in  the 
pre-glacial  age  (op.  cit,  pp.  116-118). 

Prof.  Prestwich,  in  1887,  in  abandoning  his  earlier  view 
which  was  against  the  existence  of  pre-glacial  man,  said  that 
the  cave-work  of  Mr.  Tiddeman  and  Dr.  Hicks  gives  strong 
presumptive  evidence  of  the  earlier  geological  appearance  of 
man  in  the  British  area,  and  he  saw  no  reason  to  doubt  the 
8ub-boulderclay  evidence  of  Mr.  Skertchly.  "  Of  the  correct- 
ness of  his  opinion  in  regard  to  the  stratigraphical  position  of 
the  bed  in  which  his  specimen  was  found  I  have  however 
little  doubt "  (Quart.  Jov/m.  Geol.  Soc.,  vol.  xliii.,  pp.  406,  407). 
In  the  discussion  which  followed  Mr.  De  Bance  said  he  quite 
agreed  with  Dr.  Hicks  in  his  interpretation  of  the  facts 
observed  by  him  (ibid.,  p.  409). 

In  1896  the  Bev.  G.  C.  Pollen  reported  to  the  Geological 
Society  on  the  exploration  of  Ty-Newydd  cave,  near  Tremeir- 
chion  in  the  vale  of  Clwyd.  In  this  report  he  says  that 
although  the  ground  above  the  cavern  is  strewn  over  with 
•drift  and  erratics,  granites  and  felsites  from  the  north  and  from 
the  central  part  of  Wales,  not  a  fragment  of  anything  but 
immediately  local  material  has  been  discovered  in  the  cave 
itself,  showing  clearly  that  the  deposits  in  the  cavern  had 
heen  carried  in  by  water  before  the  north  and  west  ice  had 
reached  this  area  (i.e.,  to  construe  this  into  my  language, 
before  the  distribution  of  the  drift) ;  and  he  concludes  definitely 
that  the  local  deposit  in  the  cavern  is  of  earUer  date  than  the 
boulder  clay  with  western  and  northern  drift.  The  occur- 
rence of  a  tooth  of  a  rhinoceros  in  the  lower  part  of  the  cave 
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shows  that  the  animal  was  contemporary  with  or  of  earlier 
date  than  the  infilling  of  the  cave  by  the  local  drift  {Froc,  Oeol^ 
Soc.y  1898,  pp.  19,  20).  Later  he  says  of  the  relative  age  of  the 
two  critical  beds  that  all  doubt  as  to  the  fact  of  the  local  deposit 
being  older  than  the  boulder  clay  is  now  removed  by  our* 
having  the  two  beds  superimposed  in  the  second  vertical  shaft 
{Quart,  Jov/m.  Oeol.  Soc,,  liv.,  pp.  89,  90). 

Leaving  Wales,  Mr.  Symonds,  speaking  of  the  hysBna  den 
near  Boss,  situated  300  feet  above  the  present  Wye,  says  that 
he  found  in  it  a  stratified  red  sand  and  silt  three  or  four  feet, 
thick  containing  pebbles,  one  of  which  was  of  greenstone, 
and  he  adds :  ''  Every  one  of  those  pebbles  out  of  that  red 
sandy  deposit  must  have  been  derived  from  silurian  and  trap* 
rocks,  which  are  not  to  be  foimd  in  situ  until  after  we  have 
traversed  the  long  tract  of  old  red  sandstone  through  which 
the  Wye  passes  between  Coppel  Wood  Hill,  near  Boss,  and 
Trewerne,  above  Hay  in  Breconshire,  a  distance  by  the  river 
of  seventy  or  eighty  miles"  (Geol.  Mag.,  viii.,  p.  436).  The 
evidence  of  this  cavern,  therefore,  seems  to  support  that  of 
North  Wales. 

If  we  now  leave  the  area  where  true  glacial  drift  is  supposed 
to  occur  and  enter  the  country  south  of  the  Thames  the  evi- 
dence seems  to  me  equally  conclusive. 

In  the  Thames  valley  we  find  the  trail  of  Mr.  Fisher,  which 
answers  in  time,  etc.,  to  the  Northern  drift  (vide  next  chapter),, 
overlaying  the  mammalian  and  paleolithic  gravels  of  the 
Thames  valley.  Dr.  Falconer,  in  discussing  in  1867  the  de- 
posits at  Gray's  Thurrock  and  the  lower  beds  at  Brentford, 
inferred  that  they  were  of  an  earlier  age  than  any  part  of  the-, 
boulder  clay  or  tiU  (Quart.  Joum.  GeoL  Soc,,  xiv.,  p.  83).  "It. 
appears,"  says  Mr.  Symonds,  *'that  these  Thames  brick-^ 
earths  are  covered  by  a  glacial  deposit  of  ice-borne  debris  as. 
is  the  forest  bed  by  boulder  clay"  {GeoL  Mag.,  v.,  p.  420). 
Mr.  J.  Geikie  says:  "In  the  south  of  England  no  true 
glacial  deposits  occur,  but  these  are  represented  by  rubble 
drift  and  '  trail,' "  and  he  calls  attention  to  the  fact  that  in 
Sussex,  pleistocene  deposits  with  E,  antiquus  and  B,  lepto- 
rhinua  are  overlaid  by  chalk  rubble,  while  in  the  Thames 
valley  the  drifts  with  paleolithic  implements  and  pleistocene 
mammalian  remains  are  everywhere  overlaid  by  "  trail "  (Great 


The  True  Horizon  of  the  Thames  Brick  Earths,     75 

let  Age,  p.  644).  Again,  he  refers  to  the  paleolithic  floor 
at  Stoke-Newington,  which  its  discoverer,  Mr.  W.  G.  Smith,, 
describes  as  covered  by  the  "  contorted  drift,"  which  has  in 
places  ploughed  it  up  and  sometimes  pushed  under  it  {jhii,y 
p.  639). 

Professor  Boyd  Dawkins,  in  his  paper  on  the  age  of  the 
lower  brick-earths  of  the  Thames  valley  in  1867,  gives  a 
section  from  the  Uphill  pit  at  Ilford,  in  which  the  famous. 
head  of  the  manmioth  now  in  the  British  Museum  was  found. 
The  bed  in  which  it  occurred  was  covered  by  several  beds  of 
loam,  clay,  gravel  and  sand,  of  one  of  which  Prof.  Dawkins. 
says :  **  By  the  comparison  of  its  bedding,  the  aidmixture  of 
clay  with  sand  and  gravel,  and  the  presence  of  pebbles  of 
chalk  and  of  large  transported  boulders  of  grey  wethers  and 
of  flint,  it  is  proved  beyond  doubt  to  be  of  glacial  origin  and  to- 
have  been  carried  down  by  the  ice  and  deposited,  on  its  melting,, 
upon  the  eroded  top  of  the  fluviatile  deposits  below".  In 
regard  to  Mr.  Prestwich's  notion  that  the  bed  was  partially 
formed  from  gravel  derived  from  the  boulder  clay,  Mr.  Daw-^ 
kins  says :  "  A  careful  examination  compels  me  to  believe  that 
there  is  no  proof  of  the  derivation  of  this  glacial  deposit 
from  the  wreck  of  the  boulder  clay  "  {Quart.  Joum.  Geol.  Soc^ 
vol.  xxiii.,  p.  93).  Turning  to  Gray's  Thurrock,  he  argues 
that  "  we  have  precisely  the  same  superposition,  there  being 
a  bed  (numbered  6  on  the  section)  which  from  the  irregular 
size  of  its  pebbles,  its  tabular  flints,  its  contortions,  and  its- 
irregular  deposition  owes  its  presence  to  ice  in  some  form  or 
other.  Its  sandy  nature  may  be  owing  to  the  Thanet  sand 
having  been  caught  up  by  the  ice  and  deposited  on  its  melting, 
just  as  the  clayey  nature  of  the  trail  at  Ilford  was  probably 
owing  to  portions  of  the  London  clay  being  in  like  manner 
transported  "  {ibid.,  p.  95).  This  bed  was  distinctly  superim- 
posed on  the  gravel  containing  mammalian  bones.  At  Cray- 
ford  he  gives  a  section  in  which  a  similar  bed,  number  7,. 
consisting  of  an  irregular  reddish-sandy  contorted  stratum, 
full  of  large  flints  both  angular  and  water- worn,  and  of  quartz, 
pebbles,  and  confusedly  bedded,  is  found  in  just  the  same 
situation  as  the  drift  beds  above  named  {ibid.,  p.  96).  At 
Erith,  Mr.  Dawkins  discusses  an  interesting  section,  in  which 
he  found  the  same  superposition ;  and  he  specially  remarka 
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upon  the  presence  of  a  large  lump  of  black  clay,  with  its 
angular  shape  preserved,  which  had  been  transported  about 
150  yards  and  deposited  in  the  trail,  and  says  of  it :  ''  It  is 
altogether  impossible  that  this  angular  mass  of  clay  could  be 
transported  more  than  150  yards,  preserving  its  angularity 
and  deposited  in  such  a  matrix,  by  any  other  agency  than 
that  of  ice.  The  tract  here  was  highly  contorted,  contrasting 
much  with  the  horizontal  beds  below  it  '*  («Wd.,  p.  98).  He 
concludes  that  the  beds  at  the  several  points  described  are 
-contemporary,  and  that  they  establish  that  after  the  tem- 
perate conditions  marked  by  the  mammalian  remains  they 
were  followed  by  a  period  of  intense  cold,  in  which  stones, 
sand,  clay,  and  indeed  whatever  came  within  the  reach  of  the 
ice  in  the  neighbourhood,  was  caught  up  and  deposited  in  a 
most  confused  jumble  on  its  melting  {jbii.,  p.  99);  and  in 
summing  up  the  case  he  puts  the  lower  brick-earths  of  the 
Thames  valley  distinctly  below  the  glacial  beds  (*6id.,  p.  109). 

In  discussing  Mr.  Dawkins*  results,  Mr.  Marr,  in  the  GeoXo- 
gical  Magazine^  suggests  that  the  beds  of  the  Thames  valley 
containing  transported  materials  may  be  an  inland  extension 
of  the  boulder  clay  on  the  same  level  {op.  c*i.,  vol.  iv.,  p.  100). 

Again,  we  have  the  most  recent  discovery  of  all,  so  lately 
•discussed  before  the  Geological  Society  by  Dr.  Hicks,  where 
an  old  land  surface  containing  considerable  unweathered 
remains  of  the  mammoth  was  found  in  the  heart  of  London 
reposing  directly  on  the  London  clay,  overlaid  by  a  clay 
containing  drift  from  Hertfordshire,  and  filled  with  chalk, 
which  Dr.  Hicks,  as  I  think,  most  conclusivelv  correlates 
with  the  chalky  boulder  clay. 

Lastly,  we  have  the  bone  bed  on  the  south  coast,  of  which 
Mr.  Godwin  Austen  says  that  large  portions  of  the  skeleton 
of  Elephas  primigenius  with  a  number  of  shells  were  found 
underlaid  by  red  gravel  and  overlaid  by  a  few  feet  of  deposit 
containing  some  large  angular  erratics  (Quart.  Joum.  Geol. 
Soc,  xxvii.,  p.  17). 

Many  years  ago  I  wrote:  **I  have  now  examined  every 
instance  known  to  me  where  it  is  possible  to  test  by  super- 
position the  question  of  the  relative  age  of  the  mammoth 
beds  and  the  drift  in  the  British  Isles,  and  I  claim  to  have 
shown  that,  as  tested  by  these  islands,  the  mammoth  beds 
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when  in  situ  are  in  eveiy  instance  overlaid  by  the  drift  and 
are  never  underlaid  by  it  '*. 

To  this  conclusion  Dr.  Hicks  when  president  of  the  Geo- 
logical Society  gave  his  emphatic  adhesion,  and  the  burden  of 
a  large  part  of  the  address  he  delivered  as  president  was  de- 
voted to  pressing  it  home.  His  conclusion,  in  his  own  words, 
was :  "  From  numerous  examinations  made  of  undisturbed 
glacial  deposits  in  Wales,  the  north  of  England  and  Scotland, 
it  has  been  proved  very  clearly  that  the  extinct  mammalia,, 
whose  remains  are  found  in  association  with  the  implements 
of  paleolithic  man  in  caverns,  must  have  lived  there  before  these 
deposits  had  been  laid  down,  as  their  remains  always  occur  at 
the  base  or  in  the  lower  parts  of  the  drift  and  never  above  it. 
Further,  there  is  not  a  particle  of  evidence  to  show  that  these 
extinct  mammalia  ever  revisited  those  areas  after  the  close  of 
the  glacial  period  "  {Quart.  Joum.  Oeol.  Soc.,  Hv.,  pp.  101, 102). 

This  was  a  very  welcome  pronouncement  to  myself,  who- 
had  fought  for  this  conclusion  unheeded  for  many  years.  It 
has  recently  been  supported  by  two  influential  geologists. 
Speaking  on  Mr.  Pollen's  paper,  Mr.  Strahan  said  :  **  That  the^ 
cave  was  filled  in  pre-glacial  times  was  proved  by  the  total 
absence  of  material  foreign  to  the  district.  An  interglacial 
episode  would  not  explain  the  circumstances;  the  contents 
of  the  cave  must  have  been  formed  before  any  of  the  drift 
with  erratics,  which  is  now  so  abundant,  reached  the  neigh- 
bourhood." Mr.  Marr  declared  that  the  deposit  of  materials 
yielding  a  definite  fauna  in  caverns  before  the  last  glaciation 
of  North  Wales  and  the  north  of  England  seemed  now  to  be 
satisfactoriljn  established  as  the  result  of  the  work  by  Mr. 
Tiddeman  on  Victoria  Cave,  Settle,  by  the  President  on  the 
caverns  adjoining  those  described  in  this  paper,  and  now  by 
the  author  of  the  paper  just  read.  The  evidence  was  cumu- 
lative, but  he  believed  that  had  the  question  of  the  age  of 
man  been  left  out  of  account  the  evidence  long  ago  brought 
forward  by  Mr.  Tiddeman  would  have  been  generally  accepted 
{Proc.  Geol.  Soc.,  1898,  p.  21). 

Let  us  now  leave  England  and  cross  the  Channel.  In 
Belgium  and  Northern  France  the  true  boulder  drift  doea 
not  occur,  and  we  have  to  fall  back  upon  beds  like  the  trails 
etc.,  in  the  south  of  England. 
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In  the  first  place,  I  would  mention  that  Prof.  Prestwich, 
who  had  previously  assigned  the  paleolithic  gravels  of  the 
Somme,  etc.,  to  a  post-glacial  age,  subsequently  changed  his 
view,  thus :  Dr.  Hicks  says  *'  Prof.  Prestwich,  our  greatest 
authority  on  these  questions,  has  recently  stated  that,  in  con- 
sequence of  the  newly  accumulated  evidence  showing  the 
•occurrence  of  human  relics  in  glacial  times,  he  has  been  led 
to  change  his  views  as  to  the  age  of  the  high-level  gravels  in 
the  Somme,  Seine,  Thames  and  Avon  valleys,  and  that  he  is 
now  disposed  to  assign  these  beds  to  the  earUer  part  of  the 
glacial  period"  {Tram,  Herts  Nat,  Hist,  Soc.,  v.,  p.  253). 

M.  Lapparent  says:  ** Le  sable  de  la  Campine,  Equivalent 
du  diluvium  sableux  de  la  NEerlande  et  de  TAUemagne  du 
Nord,  reposait  su/r  le  limon  Lesbayen  k  Elephas  primigenius  " 
{G6ologie,  p.  1105). 

In  regard  to  the  cavern  of  Chaleux,  on  the  Meuse,  M.  E. 
Dupont  writes  that  the  remains  of  man  were  deposited  before 
the  deposition  of  the  yellow  clay  with  angular  blocks  of  lime- 
stone and  the  deposition  of  the  loess  {Quart.  Jowttl  Oeol,  Soc., 
xxiii.,  "  Translations  and  Notices,*'  pp.  3,  4).  This  is  also 
true  of  other  Belgian  caverns. 

Let  us  now  turn  to  the  Alpine  district  and  the  north 
and  north-east  of  Europe.  We  will  begin  with  the  Alpine 
country,  which  occupied  us  considerably  in  this  behalf  in  a 
former  work  {Glacial  Nightmarey  p.  463,  etc.). 

If  we  begin  with  the  beds  south  of  the  Alps  we  shall  be 
struck  on  turning  to  Prof.  Geikie's  Great  Ice  Age  by  the  con- 
siderable change  which  has  taken  place  in  his  treatment  of 
the  position  between  the  second  and  third  editions  of  that 
book.  There  occur  to  the  south  of  the  Alps  a  series  of  lignite 
beds  to  which.  I  referred  in  my  former  work  {ibid,,  p.  467). 
These  beds,  according  to  the  Italian  geologists,  especially 
Gastaldi,  rest  upon  pUocene  deposits  and  are  covered  by 
diluvium,  and  this  latter  fact  is  admitted  by  Mr.  James  Geikie 
in  the  second  edition  of  his  work,  where  he  says :  **  It  is  true 
that  so  far  as  is  known  no  glacial  deposits  underlie  the  Italian 
lignites  "  (Great  Ice  Age,  new  edit.,  p.  431). 

Gastaldi  puts  these  hgnites  on  precisely  the  same  level 
with  certain  bone-bearing  beds,  such  as  those  occurring  in  the 
Val  Borlezza,  where  Bhinoceros  hemitcRchus  has  occurred.   There 
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lias  also  occnrred  there  a  series  of  plants,  including  Magnolia, 
Acer  Pseudo-Platantts,  L,  var.  pofucidentata,  Buxus  sempervvrens, 
Ultmis  campestris,  TaxtLS  baccata  and  Phacidivmi  btixi  {Great  Ice 
Age,  new  edit.,  p.  532).  This  bed  is  therefore  of  pliocene  age, 
and  it  is  underlaid  by  beds  containing  so-called  glaciated 
atones.  We  can  hardly  doubt  that  these  stones  are  derived,  as 
Oastaldi  argued,  from  the  miocene  conglomerates  of  the  dis- 
trict and  have  nothing  to  do  with  the  so-called  glacial  age  at 
sil.  Similar  beds  occur  at  Leffe  in  the  Yal  Gandino.  Here, 
as  may  be  seen  from  the  section  given  by  Mr.  Geikie,  there 
is  no  question  of  any  glacial  debris  at  all,  the  lignite  containing 
plant  remains  being  overlaid  by  torrential  and  diluvian  beds 
only  and  having  no  so-called  glacial  bed  below  it  {ibid,,  p. 
-535).  This  being  the  evidence  from  Borlezza  and  Gandino 
it  is  characteristic  of  Prof.  Geikie  that  he  should  clinch  it  by 
a  tremendous  assertion.  "  Iri  short,**  he  says,  **  ive  have  here 
^lear  evidence  of  two  glacial  epochs  sepa/rated  by  a  long  interglacial 
^tageJ' 

It  is  curious  to  compare  this  last  edition  of  his  well-known 
book  with  the  second  one  in  regard  to  the  supposed  inter- 
glacial beds  of  North  Italy.  In  the  latter  work  the  marine 
sands  occupy  a  considerable  place,  in  the  former  they  have 
<li8appeared  altogether.  Now  this  is  very  curious,  for  the 
marine  sands  in  question  in  places  overlie  the  mammalian 
beds  above  referred  to,  and  are  classed  by  the  Itahan  geologists 
as  pliocene  and  therefore  pre-glacial,  and  this  from  the  pro- 
portion of  extinct  forms  they  contain.  This  is  especially 
the  case  with  the  shells  found  at  Cucciago  (on  the  Milan 
and  Como  railway)  and  at  Bonco  near  Cassina  Bizzardi  (see 
Oreat  Ice  Age,  2nd  edit.,  p.  441,  cut  out  of  the  third  edition). 
Now  we  are  expressly  told  that  mixed  with  these  shells  were 
striated  stones,  some  of  which  had  been  drilled  by  boring  molhiscs, 
and  also  disc-shaped  pebbles,  that  is,  shingle  pebbles.  These 
striated  stones  are  the  kind  of  stones  relied  upon  by  Mr. 
Geikie  in  his  argument,  and  they  furnish  some  matter  for 
•comment,  for  if  they  were  bored  by  molluscs  they  must  have 
been  submerged  for  a  long  time  and  the  striae  upon  them 
may  have  been  caused  by  the  moving  of  shingle,  etc.  It  at 
all  events  proves  that  in  their  present  condition  the  stones  are 
older  than  the  pliocene  sands  in  which  they  lie.      We  are 
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expressly  told  that  striated  stones  occurred  in  the  pliocene  clay 
which  was  well  stocked  with  its  characteristic  shells.  Mr» 
James  Geikie  adds:  ''No  doubt  is  expressed  by  the  Italian 
geologists  that  the  shells  really  belong  to  the  so-called 
pliocene.  Out  of  fifty-three  species  obtained  from  Cassina 
Bizzardi  the  late  Signor  Spreafico  found  that  thirty-one  were 
extinct,  twenty  were  still  living  in  the  Mediterranean  and 
two  in  tropical  seas ;  so  that  if  we  compare  the  shells  with 
those  that  occur  in  the  sub-Apennine  strata  we  cannot  refuse 
to  class  them  as  of  the  same  age  "  (i6i^.,  p.  441).  None  of  the 
shells  are  arctic,  and  the  majority  distinctly  point  to  warmer 
conditions.  Similar  striations  on  stones  drilled  by  boring 
molluscs  are  described  by  Neumayr  from  Ronco,  and  he  calls 
them  *  scratched  glacier  stones '  without  any  scruple. 

Gastaldi  in  his  memoir  in  reply  to  Mr.  James  Geikie,  which 
is  admirably  written  and  argued,  seems  to  me  to  show  very 
plainly  that  the  deposits  of  bones  of  pleistocene  beasts  from 
the  southern  flanks  of  the  Alps  are  of  the  same  age  as  those 
of  Dlimthen  and  Utznach  in  Switzerland,  and  are  also  of 
the  same  age  as  the  lignites  of  Carignano,  Lanzo,  Gifflenga, 
Boca  and  Maggiora  in  Piedmont  and  of  Leffe  in  the  Borga- 
masco. 

He  goes  on  to  say  that  the  lignites  of  Leffe,  of  Boca,  of  Giff- 
lenga.  etc.,  are  at  the  base  of  the  diluvium  (t.e.,  of  the  so-called 
glacial  beds)  and  overlie  the  pliocene  beds.  In  Switzerland 
there  are  no  pliocene  beds,  and  the  beds  at  Dfimthen,  Utznach 
and  Yangen  rest  immediately  on  the  molasse.  Our  hgnites^ 
he  adds,  and  those  of  Switzerland  occupy  the  same  horizon  at 
the  base  of  the  diluvium  {^Aiii  Acad,  idle  Scienze  di  Torino, 
viii.,  p.  439). 

Geikie  professed  not  to  have  been  convinced  by  Gastaldi's 
statements,  but  it  is  a  very  curious  and  eloquent  fact  that  the 
Italian  evidence,  which  in  the  older  edition  of  the  Great  Ice  Age 
occupied  the  whole  of  chapter  xxxiv.,  has  been  almost  entirely 
cut  out  of  the  new  one,  and  we  may  perhaps  interpret  this  fact 
as  meaning  that  Mr.  J.  Geikie  is  no  longer  satisfied  that  the 
arguments  there  used  are  any  longer  good.  It  is  not  very 
ingenuous  of  him  to  cover  his  retreat  by  the  mere  remark  in 
the  preface  that  the  account  of  glacial  action  in  Alpine 
regions  has  been  **  touched  up  *\    Touched  up  means,  I  pre- 
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sxiine,  cancelled  and  withdrawn.  We  must  in  fact  go  back  to 
Prof.  Greikie's  first  view  of  all  (see  (?eoZ.  Mag.,  1872,  ix.,  p.  256), 
to  which  he  has  reverted,  and  which  is  unquestionably  right, 
namely,  that  North  Italy  presents  us  with  no  evidences  of 
former  oscillations  of  cUmate. 

Let  us  now  turn  to  the  valleys  of  Switzerland  itself  and  its 
borders.  Here,  again,  it  is  remarkable,  but  in  another  way,  and 
not  very  pleasant  to  read  Mr.  James  Geikie's  description  of 
the  Ziirich  evidence,  which  he  again  quotes  as  if  it  were  intact 
instead  of  having  been  riddled  through  and  through  by  Heer 
himself,  by  Escher  von  der  Linth,  Ijyell,  Charles  6rad» 
Mortillet  and  Neumayr,  all  of  whose  observations  and  argu* 
ments  on  the  point  are  ignored  by  the  author  of  the  QreaJt 
let  Age,  and  this  greatly  sophisticates  the  value  of  the 
remaining  evidence  he  produces.  He  cites  the  beds  at  St. 
Jacob  in  the  Birsthal  and  those  at  Chambery  and  Sonnaz 
as  if  they  were  interglacial,  in  the  teeth  of  the  positive 
statement  of  Neumayr  that  in  none  of  the  places  in  question 
do  the  old  land  surfaces  occur  intercalated  between  glacial 
beds  (see  Glacial  Nightmare,  p.  465). 

The  fact  is  that  wherever  in  Switzerland  the  sequence  has 
been  actually  ascertained  by  superposition  the  beds  containing 
pleistocene  remains  always  underlie  the  erratic  beds. 

Thus  a  skull  of  the  mammoth  was  found  in  1841  four 
kilometres  from  Bappersschwyl  in  the  canton  of  St.  Gallen. 
According  to  the  section  published  by  Escher  von  der  Linth 
and  C.  Martins  in  the  BtUL  Soc,  OM.  de  Fra/nce,  2nd  series, 
1868,  vol.  vii.,  p.  601,  the  beds  lay  in  the  following  order  : — 

(1)  Black  and  angular  fragments  of  glacial  origin. 

(2)  Bounded  pebbles  and  boulders,  sometimes  as  big  as  a 
man's  head,  like  those  in  the  Nagelfluh. 

(3)  Bluish  and  yellowish  clays. 

(4)  Bituminous  remains  of  wood  mixed  with  sand  and  clay. 

(5)  The  mammoth's  skull  in  question. 

(6)  Greyish  clay  and  fine  sand  containing  Planorbis,  Paltidina 
and  Cyclas. 

(7)  Molasse  and  Nagelfluh  of  tertiary  age. 

According  to  the  same  authors  bones  of  the  manmioth 
have  been  found  by  M.  Nicollet  in  the  valleys  of  the  Jura 
at  Neuch&tel  in  a  thin  stratum  of  diluvial  gravel  composed 
II.  6 
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of  Jurassic  and  tertiaiy  pebbles  and  covered  by  glacial  debris 
consisting  entirely  of  Alpine  rocks  {Md,,  p.  602). 

In  regard  to  the  beds  at  Utznach  and  Diirnthen  I  discussed 
them  at  considerable  length  in  my  former  work  (Olacial 
Nightmare,  pp.  463,  464).  I  have  little  more  to  say  about 
them.  Mr.  J.  Geikie  admits  that  they  lie  directly  on  highly 
disturbed  deposits  of  miocene  age. 

"  The  lignite  beds  of  Utznach  and  Dumthen,"  says  C.  Lewis, 
a  most  ardent  glacialist,  ''  supposed  to  indicate  a  warm  inter- 
glacial  epoch,  are  in  reality  pre-glacial  and  correspond  with 
the  pre-glacial  forest  bed  of  Norfolk  of  quaternary  or  pleis- 
tocene age  "  (GUicial  Oeology  of  Great  Britain,  p.  25).  Prof. 
Boltzer,  of  Berne,  told  the  same  writer  that  he  was  unable  to 
find  the  two  tills  at  Diirnthen  (ibid.,  p.  461).  I  have  also 
sifted  the  evidence  at  Wetzikon  and  shown  how  worthless  it 
is  (Olacial  Nightmare,  pp.  464, 465).  I  may  add  to  what  I  then 
said  that  Gastaldi  suggests  that  at  Wetzikon  and  Morschweil 
the  supposed  underlying  boulders  are  really  tertiary  boulders, 
and  he  calls  attention  to  the  existence  in  Switzerland  as  in 
Italy  of  miocene  boulder  beds  from  which  these  stones  may 
have  come.  In  regard  to  the  other  cases  of  supposed  inter- 
glacial  beds,  based  on  the  evidence  of  the  intercalated  mammals 
in  Switzerland  and  its  borders,  I  have  nothing  to  add  to  what 
I  said  in  my  Glacial  Nightmare,  pp.  465,  466. 

The  most  famous  pleistocene  beds  of  Savoy,  namely,  the 
lignites  of  Sonnaz,  distinctly  underlie  glacial  deposits,  while 
Favre  says  that  no  glacial  bed  has  been  found  below  the 
lignites  of  Savoy  or  that  of  the  Bois  de  Batic. 

Let  us  now  turn  to  the  famous  bed  at  Hotting,  opposite 
Innsbruck,  about  which  so  much  has  been  written  and  said, 
and  about  which  so  much  remains  to  be  written  and  said. 

The  contest  has  raged  round  the  curious  breccia  which  has 
been  claimed  by  Penck  as  such  a  notable  example  of  an  inter- 
glacial  bed,  and  I  discussed  it  in  my  former  work  (ibid.,  p. 
469).  There  are  two  matters  in  dispute :  first,  the  age  of  the 
breccia,  and,  secondly,  the  question  of  whether  it  lies  between 
two  so-called  glacial  beds. 

First,  as  to  the  age  of  the  breccia. 

In  1859  Pichler  found  some  plant  remains  in  it  which  were 
described  by  Unger  as  Anmdo  Ooepperti,  a  species  of  Gyperites, 
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Perzea  speciosa,  Acer  trUobatum,  Ulmua  Braun/ii,  Laurinea  and 
Lauras,  and  he  assigned  it  to  miocene  times. 

In  1884  Yon  Ettingshausen,  having  obtained  some  fresh 
materials,  went  over  the  gromid  again,  and,  while  retaining 
the  Arwndo  and  the  Gyperites  of  Unger,  described  the  Acer 
as  Acer  Pseudo-Platanus,  miited  the  Persea,  Laurinea  and 
Laurus  into  one  new  species  which  he  called  Daphne  ndttingen- 
sis  Ett.f  and  identified  other  specimens  with  several  living 
species,  and  he  concluded  that  this  flora  might  well  be 
pleistocene. 

Stnr,  who  acquired  some  new  materials,  reverted  to  the  view 
maintained  by  Unger  as  to  the  tertiary  age  of  the  bed  in 
question,  and  claimed  to  have  discovered,  inter  alia,  remains 
of  a  palm.  He  classed  the  Gyperites  of  Unger  as  a  GhamcBrops, 
and  Ettingshausen's  Daphne  became  with  him  an  Actinodaphne. 
In  1887  Palla  wrote  on  the  leaves  in  question;  restored 
Ghamcerops  to  the  genus  Gyperites,  and  again  treated  the 
remains  as  pleistocene.  In  1888  Wettstein  argued  that  the 
Actinodaphne  of  the  above-named  writers  was  really  Bhodo- 
dendron  pcnticvm,  and  also  classed  the  flora  as  pleistocene. 
Lastly,  in  1894,  Bothplatz,  in  his  Geologischer  Querschnitt  durch 
die  ost  Alpen,  pp.  95  and  96,  subjected  the  previous  opinions  to 
criticism,  and  specially  appealed  to  the  specimens  preserved 
in  the  collection  at  Munich.  He  remarks  that  Wettstein  in 
his  synopsis  of  the  Hotting  flora  classes  thirty-five  species 
out  of  forty-one,  or  eighty-five  per  cent.,  as  living,  and  six,  or 
fifteen  per  cent.,  as  extinct,  and  thus  (taking  his  own  identifica- 
tions) gives  us  too  large  a  proportion  of  extinct  forms  for  a 
pleistocene  flora.  Among  the  forms,  again,  which  he  allows 
to  be  living,  six,  or  fifteen  per  cent.,  no  longer  live  at  this 
elevation  above  the  sea,  while  the  Bhododendron  ponticvm 
requires  a  mean  climate  10°  C.  hotter  than  that  of  the  present 
Inn  valley.  This,  he  says,  again  speaks  against  the  inter- 
glacial  character  of  the  flora,  since  it  bespeaks  a  climate  much 
warmer  than  any  known  in  pleistocene  times  in  other  parts 
of  Europe. 

Bothplatz  then  goes  on  to  question  some  of  Wettstein's 
identifications.  He  says  it  seems  to  him  very  improbable  that 
all  the  long  leathery  leaves  which  are  preserved  in  the  Munich 
museum  belong  to  Bhododendron  ponticum,  and  believes  that 
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some  of  them  belong  to  some  unrecognised  species  or  genus,  and 
he  says  that  they  in  fact  resemble  similar  leaves  which  have  been 
found  in  tertiary  beds.  Again,  he  says  he  had  himself  found 
among  the  leaves  those  of  Fragaria  Haueri,  which  Wettstein 
does  not  mention,  and  which  are  very  like  those  of  Fragaria 
vesca  described  by  Stur  from  the  Sarmatian  or  younger  miocene. 
Similarly,  the  miocene  or  Sarmatian  Acer  Juronaky  is  probably 
to  be  identified  with  Acer  Pseudo-Platantis,  Lastly,  the  fossil 
leaves  described  by  Wettstein  as  Bellidiastrwn  Michelii  seem 
to  be  identical  with  those  named  Parotia  pristina  by  Stur 
from  the  Sarmatian  beds  (Bothplatz,  pp.  95,  96). 

All  these  facts  go  to  strengthen,  if  not  to  prove,  the  conclu- 
sion which  I  maintained  in  my  former  work,  that  the  breccia 
in  question  is  a  tertiary  bed  and  has  therefore  nothing  to  do 
with  any  interglacial  horizon. 

Let  us  now  turn  to  the  stratigraphical  evidence.  Here^ 
again,  I  will  appeal  to  Bothplatz,  who  has  made  the  most 
recent  and  critical  examination  of  the  ground.  He  says  of 
Blaas'  sections  and  memoir  in  volume  xlvi.  of  the  Jahrbuch  der 
K.  K  Geol.  Beichanstalt :  "  Among  the  careful  researches  which 
Blaas  has  published  it  may  be  clearly  seen  that  there  is  only 
one  place  where  the  underlying  of  the  Hotting  breccia  by  a 
moraine  can  be  actually  seen,  and  even  this  is  most  doubtful  *\ 
He  goes  on  to  say :  "  I  have  this  spring  (i.e.,  in  1894)  examined 
the  site  above  the  castle  at  Weiherburg."  This  is  apparently 
the  best  exposure  and  specially  referred  to  by  Prof.  Geikie. 
He  gives  the  result  in  a  section.  Penck  gave  a  similar 
section  of  this  plan  in  1882,  and  Bothplatz  goes  on  to  say 
that  his  Fig.  1  on  Plate  2  shows  a  division  in  the  moraine, 
which  is  certainly  not  there.  The  sandy  layers  given  in 
Fig.  2  are  certainly  there,  but  they  are  altogether  a  local 
circumstance.  The  moraine  certainly  extends  from  the  vale 
at  this  place  under  the  breccia,  but  not  as  if  the  moraine  was 
first  deposited  and  upon  it  the  breccia,  but  rather  as  if  the 
breccia  had  been  undermined  and  then  the  moraine  matter 
had  been  thrust  in.  This  is  supported  by  the  fact  that  the 
horizontal  layers  of  the  breccia  are  sharply  cut  off  against  the 
moraine  which  comes  up  against  it.  It  is  further  supported 
by  the  fact  that  although  the  moraine  matter  is  crowded 
with  crystalline  erratics  from  the  central  Alps  they  do  not 
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appear  in  the  breccia  at  all,  or  so  seldom  that  after  a  patient 
search  he  could  find  none.  If  the  moraine  matter  were  older 
than  the  breccia  it  ought  to  show  marks  of  erosion  at  the  point 
of  contact,  and  it  also  ought  to  contain  derived  stones,  which 
it  does  not.  On  the  other  hand,  the  breccia  is  here  full  of  pieces 
of  red  sandstone,  which  are  entirely  wanting  in  the  moraine. 
Penck  claims  to  have  found  numerous  primitive  boulders 
in  the  breccia;  Bothplatz  could  find  none.  ''If  there  were 
any,  however,  we  must  remember  that  the  valley  of  the  Inn 
takes  its  rise  in  the  crystaUine  mountains,  and  that  they  would, 
if  the  valley  existed  in  tertiary  times,  naturally  find  their  way 
into  its  gravels,"  etc.  Bothplatz  goes  on  to  argue  that  the 
beds  above  the  Weiherburg  cannot  therefore  be  accepted  as 
by  any  means  clear  evidence  of  an  interglacial  period,  and 
when  we  also  take  into  consideration  the  paleontological  evi- 
dence which  points  to  a  tertiary  horizon  the  improbability  of 
these  being  so  becomes  great.  Blaas  wished  to  ascertain 
the  fact  by  the  crucial  experiment  of  digging  a  shaft  above 
Weiherburg,  but  was  not  permitted  by  the  owner  of  the 
ground.  For  the  view  that  the  moraine  is  really  an  ancient 
deposit  from  a  glacier  which  has  been  washed  under  the 
hollowed  breccia  may  be  cited  the  fact  that  the  ancient  glacier 
of  the  Sell  abouched  into  the  Inn  valley  opposite  this  place, 
and  it  is  very  probable  that  its  wash  would  reach  thither 
(op.  cii.,  pp.  96-98). 

Blaas  himself,  as  we  have  seen,  wished  to  test  the  question 
by  digging,  and  he  further  expressly  says  in  regard  to  this 
section  :  **  In  the  meantime  we  cannot  certainly  say  whether 
the  moraine  underlies  the  breccia  or  not "  (Jahrbtu)h  der  K.  K, 
Geol.  Beichanstalt,  1890,  p.  48). 

Let  us  now  turn  to  North  Germany.  Dr.  Jentsch,  who  is 
a  strenuous  beUever  in  a  German  interglacial  age,  speaks  of 
the  difficulties  there  are  in  investigating  the  surface  beds  of 
Germany.  '*  Most  of  our  provinces,"  he  says,  **  are  poor  in 
pleistocene  fossils,  and  in  most  of  the  provinces  these  fossils 
are  mostly  found  not  in  their  original  place,  but  in  their  second 
or  third  place  of  deposition ;  often  the  bones  of  great  ter- 
restrial mammals  are  mixed  with  flu  viatile  or  marine  moUuscan 
shells.  Our  drift  deposits  have  a  thickness  of  100  to  150 
metres,  and  their  stratigraphy  is  very  complicated  and  variable 
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within  small  areas.  We  have  not  only  two,  but  four  or  five 
or  more  glacial  deposits  (boulder  clays)  at  the  same  locality 
separated  by  stratified  beds  of  gravel,  sand  and  clay.  Beds 
of  the  same  character  are  often  found  at  very  difiPerent  strati- 
graphical  levels,  and  they  are  often  disturbed  by  glacial  pressure 
and  otherwise/*  He  also  speaks  of  certain  deposits  where 
the  fossils  are  not  consistent,  for  he  says  in  these  ancient 
glacial  deposits  teeth  of  Elephas  occur  near  shells  of  YoJdia^ 
and  Yoldia  is  mixed  with  Dreissena  or  VcUvata.  Again, 
speaking  of  what  he  calls  the  younger  gravels,  he  says  the 
fossils  are  mixed,  representing  all  known  pre-glacial  and  inter- 
glacial  beds.  Very  commonly  we  find  Yoldia  arctica  together 
with  Cardimnj  Dreissena  and  Elephas^  showing  clearly  that 
these  fossils  must  be  regarded  as  derived  from  older  beds 
{American  Geologist,  xiii.,  p.  222). 

This  shows  how  difficult  it  is  to  read  the  evidence  rightly 
unless  it  is  very  closely  watched.  To  my  mind  the  result  of 
the  critical  analysis  of  the  finds  in  Germany  as  in  Eng- 
land is  to  make  it  certain  that  the  mammoth  and  its 
associated  fauna,  including  paleolithic  man,  are  older  than 
the  distribution  of  the  drift,  and  wherever  the  evidence  seems 
to  point  the  other  way  it  is  because  it  has  not  been  sufficiently 
examined.  The  same  is  the  case,  as  it  seems  to  me,  with  the 
beds  of  fresh- water  marl  containing  a  large  number  of  species 
of  fresh-water  shells,  and  notably  Dreissena  poh/morpha  and 
Valvata  piscinalis,  which  correspond  to  the  Cyrena  fluminalis  in 
our  own  beds  in  that  they  are  now  extinct  in  North  Germany. 
They  were  entirely  contemporary  with  the  manmxoth  there, 
and  I  believe  they  became  extinct  together  at  the  time  when 
the  drift  was  distributed.  About  a  large  number  of  these 
beds  there  is  hardly  a  dispute.  They  are  confessedly  what, 
in  the  current  jargon  of  geology,  are  known  as  pre-glacial  beds. 

The  facts  about  the  surface  beds  round  the  Frische  HaflF 
have  been  well  condensed  by  Mr.  James  Geikie.  He  says : 
**  Under  what  is  considered  to  he  the  lower  botdder  clay  of  the  low-lying 
Baltic  coastlands  of  East  Prussia,  as  at  Steinort,  Reimannsfelde, 
Lenzen,  Succase  and  Tolkemit  (all  on  the  Frische  HafE), 
there  occur  certain  bedded  clays  which  have  yielded  arctic 
and  boreal  shells  {Yoldia  arctica,  Astarte  borealis,  Cyprina 
islandica),  the  arctic  seal  {PagophUus  groenlandicus),  a  cetacean 
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(DeZpAtfttt«,  species),  and  an  nndetennined  form  of  fish,  one  of 
the  GadidcB  (cod  family).  Closely  associated  with  these  marine 
clays  are  fresh-water  beds  with  shells  (Dreissena  poh^morpha, 
VaLvata  piscinaliSf  Unio,  species),  mammalian  remains  {Cants 
familiariSf  var.  grcmlandica,  Ursus,  species,  Elephas,  species. 
Bos,  species,  Bison,  species,  Cervus  ta/randiLs,  CervuSy  species, 
Bhinoceros,  species,  Eqtms,  species),  diatoms  and  quantities  of 
wood  **  {The  Great  Ice  Age,  3rd  edit.,  p.  441). 

In  a  paper  on  pre-glacial  fresh-water  beds  in  the  diluvimn 
of  North  Germany,  Keilhack  describes  certain  beds  at  Belzig, 
on  the  Berlin- Wetzlar  Bailway,  containing  shells  of  Pv/pa 
muscorum,  Vertigo  antivertigo,  Vertigo  pygmaa,  Helix  pvlchella, 
Achatina  lubrica,  Valvata  macrostoma,  Lirrmcsa  minuta,  Planorbis 
marginatus,  Planorbis  lavis,  Pisidium  nitidwm  and  Cyclas  cornea. 
The  numbers  of  these  shells,  he  says,  is  enormous.  There 
were  also  found  there  remains  of  the  red-deer  and  of  perch,  carp 
and  pike,  of  insects,  and  leaves  of  the  alder,  maple,  pine,  willow, 
Carpintis,  Betula  and  Comus  sangmnea.  He  gives  several  pro- 
files, and  makes  it  plain  that  his  conclusion  is  right  that  the 
bed  in  question  is  pre-glaciaL 

He  found  similar  beds  at  Uelzen,  in  Luneburg.  Here  were 
found  remains  of  deer  and  Bos,  and  of  a  tree,  probably  Pintis 
sUvestris,  of  the  perch  and  carp,  and  numbers  of  fresh-water 
shells. 

Again,  at  Gozzke,  in  Saxony,  there  are  similar  beds  of  fresh- 
water marl  underlying  drift,  of  which  he  gives  a  section  {op.  cit,, 
p.  153).  In  one  of  the  sections  there  Hoffmann  and  Kloden 
describe  remains  of  mammals,  of  fish  and  of  fresh-water  shells, 
notably  two  kinds  of  Planorbis  and  a  Unio  and  numerous  plant 
remains.  Keilhack  also  found  there  Valvata  piscinalis  (var. 
contorta)  and  fragments  of  a  Lvmnaus,  probably  palustris. 

In  similar  beds  at  Korbiskrug,  Dr.  Laufer  found  remains 
of  Cervus  elaphus  and  remains  of  the  perch  and  a  kind  of  carp. 
Of  shells.  Valval  piscinalis,  Bithynia  tentactdata,  Planorbis 
IcBvis,  LimncBUS  a/u/ricuLa/ris,  Pisidivm  amnicv/m  and  P.  ptisUlum, 

Again,  at  Bienwalde,  in  Bradenburg,  Kloden  describes  a 
similar  bed  containing  remains  of  pike,  perch,  carp  and 
remains  of  a  small  manmial  (?  Hypudaus  arvalis),  with  shells. 

At  Oberohe,  in  the  Limeburg  Heath,  Cleve  and  Jentsch 
found  a  bed  containing  diatoms  in  the  same  position,  i,e,. 
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below  the  so-called  glacial  beds.  Keilhack  gives  a  long  list  of 
these  diatoms.  Ehrenberg  also  noticed  among  the  latter  re- 
mains of  fungi  and  of  the  pollen  of  pine  trees.  In  addition. 
Prof.  Berendt  describes  from  the  same  beds  remains  of  Quercus 
Tobu/Tf  Q.  sessiflora,  Fa^us  sylvatica^  BettUa  alba,  Alnus  glutinosa, 
Salix,  species,  PoptUtis,  species,  Myrcia,  Vaccinium  MyrtUku, 
Acer  campestre,  and  A.  platarioides,  Utricularia,  species,  Pinus 
sylvestris,  cryptogams  and  fish. 

In  regard  to  the  horizon  of  these  beds  Keilhack  says: 
"  Sowohl  Lagerungsverhaltnisse  wie  organische  Besten  hin- 
weisen  dass  die  beschriebenen  Ablagenmgen  in  der  That 
prsB-glacial  sind  "  {Jahrhuch  der  Konigl.  Preuss.  OeoL  Landes- 
anstalt,  etc.,  1882,  pp.  133-172). 

From  fresh-water  marls  in  the  same  district  (North-East 
Hanover)  on  the  same  horizon  Dr.  Laufer  obtained  numerous 
relics  of  plants  and  animals,  among  which  are  the  following 
forms,  hitherto  unknown  from  this  horizon  in  Western  Ger- 
many. Rhinoceros,  species,  Emys  ewropaa  (tortoise),  Abrami$ 
brama  (bream),  Helix  austriaca,  PopuLus  tremvla,  Corylus  avel- 
lana,  Ceratophyllum  demersevm,  Jtiglans  regia,  Fraxinum  excel- 
sior, Arundo  phragmites  and  Equisetvm  palustre  (pp.  ciL,  p.  12). 

This  evidence  is  quite  consistent  with  itself  and  with 
that  we  have  found  in  Britain.  In  all  these  cases  the  marls 
lie  on  sands  or  gravels  belonging  apparently  either  to  a  corre- 
sponding bed  of  crag  or  to  the  miocene  beds  of  North  Grer- 
many  and  are  overlaid  by  boulder  clay,  and  the  champions 
of  interglacial  beds  have  been  exercised  to  explain  them  away 
or  largely  to  ignore  them.  Some  of  them  have  concentrated 
their  attention  upon  one  or  two  quite  exceptional  deposits  as 
if  they  were  the  rule  instead  of  being  quite  the  exception.  It 
will  be  well  to  examine  one  or  two  of  these  cases,  and,  first, 
that  at  Bixdorf. 

The  most  important  find  of  mammals  of  this  kind  made  in 
Germany,  and  of  which  a  great  deal  has  been  made  as  a  proof 
of  an  interglacial  age,  is  that  at  Bixdorf,  where  Elephas  primi- 
genius  and  antiquus,  Rhinoceros  tichorinus  and  leptorhinus.  Bos 
priscus  Cenms  Megaceros  and  Ovibos  moschatus  have  been  found 
in  a  bed  which  is  stated  to  be  underlaid  as  well  as  overlaid 
by  boulder  clay  (Zeitschrift  der  Deutsch.  Geol.  Oesellschaft,  xxxi., 
p.  152).     This  deposit  has  always  seemed  to  me  to  be  a  very 
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dubious  one.  The  finding  of  ElephcLs  antiquus  in  an  intergleicial 
bed  is,  it  seems,  almost  as  probable  as  finding  an  African  ante- 
lope in  such  a  bed.  Again,  in  regard  to  the  nature  of  the 
subjacent  clay,  shells  of  Paludina  and  of  Neritina  fluvialis  have 
been  found  in  it.  This  does  not  look  like  a  boulder  clay,  nor 
«re  we  told  whether  it  was  stratified.  Thirdly,  it  seems  from 
its  original  describer  to  be  not  like  a  continuous  bed  but  an 
insertion,  for  its  discoverer  says  of  it  ''  welches  sick  nach  innen 
2u  etwas  zu  senken  scheint "  (ibid.,  xx.,  p.  648). 

More  lately  Dames,  who  is  a  strong  advocate  of  intergla- 
cial beds  in  Germany,  and  who  formerly  treated  the  Bixdorf 
deposit  as  lying  between  what  the  Germans  generally  call 
their  upper  and  lower  boulder  clays,  has  seen  reason  to  modify 
his  views,  and  now  puts  it  much  lower.  Thus  he  says  of  a 
corresponding  bed  close  by :  "  Eine  zuerst  vom  Verfasser  in 
«inem  Bohrloch  der  Bixdorfer  Yereinsbrauerei  gefunden,  in 
dem  letzen  Jahrzehnten  durch  immer  zahlreichen  Funde  als 
fast  unter  ganz  Berhn  bis  nachCopenich  durchgehend  erkannte 
Paludinenbank  als  noch  alter  erwiesen,  so  dass  sie  nur  Interglacial 
zwischen  der  in  Norddeutschland  mit  Sicherheit  noch  nicht 
nachgewiesenen  altesten  oder  ersten  und  der  zweiten  bisher 
als  altere  bezeichneten  Vereisung  oder  gar  als  pra-glacial 
augesprochen  werden  muss.  Die  schaalreste,"  he  adds,  "am  den 
meisten  uebrigen  Punkten,  und  namentlich  ueberall  in  dem 
Geschiebe  Mergel,  mussen  dagegen  als  auf  secondarer  Lager- 
statte  betractet  worden  "  {Erlautenmg  zwr  Geol,  Uebersicht  der 
Umgegend  von  Berlin,  1899,  p.  45). 

From  Bixdorf  we  may  turn  to  the  beds  at  Klige,  near 
Kottbus  in  South-East  Brandenburg,  from  which  forty  species 
of  plants  have  been  described  by  Nehring  and  others,  in- 
cluding PintLS  sylvestriSf  Picea  excelsa,  Betvla  verrucosa,  B.  odorata, 
Alnus,  species,  Salix  aurita,  S,  repens,  S,  caprea,  S.  cinerea,  Poprdus 
tremuLa,  Goryltis  avella/na,  Carpinus  betvlus,  Quercus,  species,  Tilia 
platyphylla,  Acer  campestre.  Ilex  aquifolium,  with  some  more 
marsh  plants,  etc.  (Geikie,op.  cit.,  pp.  457,  458).  This  deposit 
has  been  widely  advertised  as  an  interglacial  one.  I  do  not  know 
on  what  grounds.  No  doubt  it  is  overlaid  by  a  drift  bed  with 
boulders,  which  Dr.  Keilhack  describes  as  northern  Geschiebe 
Sand.  The  other  layers  of  clay,  however,  which  are  intercalated 
with  it  are  described  as  stoneless,  and  are  no  more  evidence 
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of  true  boulder  clay  or  drift  than  the  clay  bed  intercalated 
in  the  estuarine  deposits  of  the  Thames ;  while  the  bottom 
layer,  upon  which  the  notion  of  the  bed  being  interglacial 
rests  (if  it  rests  on  anything),  is  described  as  an  arenaceous- 
gravel,  consisting  partly  of  flints  and  other  materials  from  the 
north  and  of  a  large  number  of  stones  from  the  Sudetic  Mountains  ^ 
i.e.,  from  the  south.  What  claim  can  such  a  bed  have  to  be  a 
glacial  deposit,  or  a  deposit  having  anything  in  common  with 
the  northern  drift  ? 

This  will  suffice  in  regard  to  the  evidences  of  subaerial 
and  fresh-water  remains  in  the  drifts  of  North  Germany. 
Their  evidence,  when  closely  examined,  seems  to  me  to 
furnish  no  foundation  for  the  view  that  there  was  any  inter- 
calated mild  period  between  periods  of  glacial  age  in  Germany, 
and  I  am  glad  to  be  able  to  refer  in  support  of  the  same 
view  to  the  strong  opinion  of  H.  Credner,  expressed  at  the 
International  Congress  of  Geologists  held  at  Washington  in 
1891. 

If  we  go  to  countries  lying  to  the  east  and  north-east  of 
Germany  the  evidence  is  unfortunately  very  scanty  and  very 
vagua  Nikitin  says  he  only  knows  of  three  cases  of  the  mam- 
moth having  been  found  in  the  interior  of  Finland.  **  We  have 
no  information  as  to  the  beds  in  which  they  occurred.  In  the 
Baltic  region  of  Bussia  and  the  Valdai  Mountains  the  finds 
are  very  rare,  and  consist  of  single  bones  and  teeth  badly 
preserved  in  a  doubtful  or  secondary  position  in  the  alluvions  " 
(see  Mems.  du  Com.  OeoL  de  Bussie,  vol.  i.,  p.  96). 

In  Central  Bussia  Pander  detected  remains  of  mammoth 
and  rhinoceros  in  reddish  clay,  covered  by  erratic  blocks, 
eight  versts  to  the  south  of  Verschni  Volstchok.  In  one 
spot,  300  versts  south  of  St.  Petersburg  and  twenty  versts 
south  of  the  river  Kolomenta,  he  further  found  the  horns  of  & 
stag  in  gravel  or  drift  twenty-one  feet  below  the  surface  and 
covered  by  fine  yellow  sand  which  was  surmounted  by  clay  and 
northern  erratic  blocks  {Bussia  and  the  Ural  Mountains,  vol  i., 
p.  65).  Sir  B.  Murchison  himself  described  the  bones 
of  the  mammoth  and  woolly  rhinoceros  near  Moscow  as  in 
reddish  clay  covered  with  erratic  blocks.  Belt  speaks  of 
having  followed  the  northern  drift  southwards  from  Moscow 
and  found  it  gradually  change  from  clay  with  boulders  to 
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the  clay  without  boulders  that  coders  the  southern  plains. 
''  Around  the  Sea  of  Azof,"  he  says,  "  cliffs  of  this  glacial 
clay  100  feet  high  can  be  followed  continuously  for  miles, 
and  its  junction  below  with  the  older  beds  is  sharply  defined. 
It  rests  on  a  fresh-water  deposit,  containing  shells  of  species 
of  TJnio^  Cyclas  and  PahLdina^  and  at  this  horizon  fragments 
of  the  tusks  and  bones  of  the  manmioth  are  abundant,  and 
are  always  undoubtedly  older  than  the  glacial  clay.  In  a. 
similar  position  the  same  remains  have  been  found  at  Odessa 
and  other  places  in  South  Bussia  "  (Qtuirt,  Joum,  of  Science^  vi., 
p.  290). 

In  regard  to  the  famous  skeleton  of  a  mammoth  found  at 
Troizkoya,  near  Moscow,  of  which  much  has  been  made, 
Tscherski,  a  first-rate  authority,  says  distinctly  that  it  lay  in 
a  marine  pre-glacial  bed.  He  refers  to  the  section  given  by 
Nikitin  in  the  MSmoires  du  GomiU  OMogique.  Tscherski, 
again,  in  describing  the  deposit  of  pleistocene  animals  dis- 
covered in  1878  in  the  government  of  Smolensk  by  Professor 
Dokutschayef ,  says  it  lay  in  a  similar  deposit.  Its  discoverer 
attributed  it,  apparently  on  a  priori  grounds,  to  a  post-glacial 
age,  but  this  view  is  contested  and  disposed  of  by  Tscherski^ 
who  is  supported  by  Nikitin  (see  the  discussion  in  the  Mems. 
St.  Peters.  Acad.,  xl.,  p.  474).  I  do  not  doubt  that,  as  in 
Germany  and  in  England,  numerous  detached  bones  of 
the  mammoth  and  its  companions  have  occurred  in  the  so- 
called  glacial  beds  in  Bussia,  being  what  we  call  organic 
boulders,  but  in  regard  to  skeletons  or  bones  in  their  undis- 
turbed original  beds  I  know  of  none  which  lie  above  the 
drift. 

Turning  to  Scandinavia,  the  evidence  for  our  purpose  is. 
very  scanty  indeed.  I  know  of  no  instance  whatever  of  sub- 
aerial  or  fresh-water  beds  in  Norway  intercalated  between 
layers  of  drift  or  having  any  claims  to  be  interglacial.  In. 
Sweden,  peat  with  paleolithic  implements  and  bones  of  the 
cave  bear  is  described  by  Nillsen  as  underlying  the  Jara 
wall,  a  great  ridge  of  sea  gravel  extending  along  the  coast 
of  the  Baltic  from  Ystad  to  between  Trelleborg  and  Falsterbo. 
"  If  this  ridge  be  an  asar,"  says  Mr.  Geikie,  **  as  from  the- 
description  may  be  inferred,  and  should  it  prove  to  belong  to 
the  great  asar  series,  this  would  demonstrate  that  man  had 
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inhabited  Sweden  before  the  last  great  submergence  and  period 
of  floating  ice  "  {(3teoL  Mag.,  1872,  ix.,  pp.  259,  260).  Erdmann 
tells  us  that  a  tusk  of  a  mammoth  was  found  seven  feet  deep 
in  a  bed  of  marl  at  Tittente,  in  Southern  Scania,  in  a  bed 
underlying  the  glacial  clay  {Expos^  des  Formations  Qiiatemaires 
de  la  Su^de,  etc.,  p.  84). 

In  various  parts  of  Scania  we  have  remains  of  what  Hoist 
calls  glacial  fresh-water  clays,  which  seem,  according  to  him, 
to  be  contemporary  with  the  Yoldia  clays.  Of  these  fresh- 
water deposits  he  says  ''m  getoissen  Fallen  mordnenbedeckt  sind  '*. 
L.  Holmstrom  found  in  one  of  these  beds  at  Viminge,  near 
Klogerup,  species  of  Pisidium  and  Limnaa,  and  0.  Torrell 
in  the  same  place  Dryas  octopetdla.  In  similar  drift  covered 
by  what  Hoist  calls  mordnenbedeckten  clay,  A.  G.  Nathorst 
found,  in  1871  at  Torsjo,  LimmBa,  Pisidium  and  Cytheridea 
•torosay  as  well  as  Dryas  octopetala  and  Salix  polaris.  Nathorst 
considers  this  last  deposit  rem^ni^  since  it  is  found  on  the 
•top  of  a  hill,  but  as  to  its  actual  horizon  it  is  interesting  to 
remember  that  it  was  under  the  drift  and  above  the  forest 
bed  that  the  glaical  plant  bed  described  by  Clement  Beid  and 
others  occurred. 

Hoist  also  describes  elsewhere  beds  of  gravel  containing 
Anodonta  species,  Pisidium,  Sphcerium  comevm,  Limnaa  ovata 
and  Svccinea  pfeifferi  as  overlaid  by  moraine  matter  {unter 
morainer),  Nathorst  claims  to  have  found  in  1875  at  Klogerup 
two  beds  containing  almost  precisely  the  same  biological 
debris  separated  by  moraine  stuff.  In  the  bed  above  he 
found  Salix  polaris,  S,  herbacea,  S.  reticulata,  Betula  nana.  Dryads 
octopetala,  Limncea  limosa,  Pisidium,  Anodonta  and  Cytheridea 
torosa,  and  in  that  below,  Salix  polaris,  Dryas  octopetala,  Limnaa 
limosa,  Pisidium,  Anodonta  and  Cytheridea  torosa.  How  is  it 
Conceivable  that  on  the  same  spot  we  should  have  an  almost 
exact  repetition  of  this  kind  separated  by  a  geological  period  ? 
It  seems  a  great  deal  more  likely  either  that  the  upper  bed  is 
remaniS  or  has  had  the  boulder  bed  driven  underneath  it,  and 
that  both  beds  with  the  plants  and  shells  were  contemporary. 
Hoist  says  it  is  possible  Nathorst  was  deceived,  and  adds : 
^'Es  ist  auch  mogUch,  dass  die  oben  ausgesprochene  Auffassung 
der  Klagerupsbildungen  in  uebrigen  in  einen  oder  der  andem 
Hinsicht  als  unrichtig  befunden  werden  kann,"  and  he  con- 
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eludes :    ^^  In  Schonen  finden  sich  also  durcha/us  keine  fossUfuhren" 
den  interglacicUen  Ablagenmgen  *'  (op.  ciL,  pp.  13,  14). 

These  beds  in  Southern  Sweden  seem  to  me  to  be  all  of 
pleistocene  age,  and  to  date  from  before  the  deposition  of  the- 
drift.  They  maybe  matched  much  further  north  in  Sweden. 
Thus,  at  Froso,  in  Jemteland,  a  bed  of  fossiliferous  clay  has 
been  found  containing  seventy  kinds  of  diatoms,  fourteen 
kinds  of  moss,  together  with  remains  of  the  bracken  fern. 
Although  this  bed  is  overlaid  by  five  metres  thick  of  so-called 
moraine  matter,  Munthe  still  raises  the  alternative  that  it 
may  rather  be  interglacial  than  pre-glacial ;  on  what  ground 
I  do  not  know  {ibid.,  pp.  35,  36). 

Let  us  now  turn  to  America.  There,  also,  a  long  and 
persistent  fight  has  taken  place  in  regard  to  whether  the 
mammoth  is  to  be  treated  as  a  pre-glacial,  an  inter-glacial  or 
a  post-glacial  animal.  There  also  the  ambiguity  has  arisen 
because  the  scattered  bones  of  the  great  beast,  as  also  trunks 
of  trees  and  lumps  of  peat,  have  continually  occurred,  as  we 
should  expect  them  to  occur,  not  in  situ,  but  as  transported 
and  derivative  boulders,  and  their  true  interpretation  has 
therefore  escaped  their  describers.  This  has  been  especially 
the  case  in  Canada,  where  my  old  friend,  Sir  Wm.  Dawson, 
whose  views  on  the  later  beds  were  often  sophisticated  by 
other  considerations  than  those  of  geology,  very  persistently 
attributed  the  manmioth  remains  to  what  he  called  post- 
glacial times.  I  have  tried  to  analyse  the  evidence,  and  I 
can  find  no  support  for  this  view,  but  just  the  reverse.  I 
may  say  that,  with  the  American  geologists,  who  have  paid 
most  attention  to  the  question,  I  put  the  mammoth  there  on 
the  same  horizon  as  the  so-called  American  forest  bed  and 
the  fre^h-water  beds  accompanying  the  latter. 

Mr.  B.  Bell,  who  takes  the  same  side  as  Sir  Wm.  Dawson,, 
and  writes  with  a  good  deal  more  positiveness  than  most  of 
us  think  quite  justified,  has  given  an  account  of  various, 
remains  of  mammoth  and  mastodon  found  around  Hudson 
Bay.  In  no  instance  is  there  any  evidence  as  to  the  horizon 
whence  the  remains  came.  Thus  a  mammoth  tooth  was  found 
in  1878  on  the  rocky  surface  of  Long  Island,  which  is  thirty 
miles  long,  and  lies  off  the  Estmain  coast,  its  south-west 
extremity  being  just  north  of  Cape  Jones,  which  is  the  point 
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where  James  Bay  opens  out  into  Hudson  Bay  proper  {BvXL. 
Geol.  Soc.  Amer.,  ix.,  p.  370). 

About  1896  an  incomplete  molar,  which  appeared  to  belong 
to  El.  Columbi,  was  found  in  the  superficial  deposits  in  one 
of  the  banks  of  the  Saskatchewan  river,  about  six  miles  above 
Edmonton,  but  no  partictUars  in  referenee  to  the  discovery  are 
available  {ibid.). 

In  1877  a  very  perfect  msu^todon  tooth  was  found  in  the  bed 
of  the  Moon  river,  at  its  first  bend  below  the  junction  of  the 
Missinaibi  and  Mattagami.  The  jaw  was  found,  but  only  the 
tooth  was  preserved  by  the  Indians. 

In  1853  some  Indians  found  parts  of  the  skeleton  of  a 
mastodon  in  the  bottom  of  the  valley  of  the  Shell  river,  an 
affluent  of  the  Assiniboine.  Two  scapulaB  came  to  England, 
but  nothing  more  definite  is  known  about  their  horizon  (ibid., 
p.  383). 

In  the  province  of  Quebec,  according  to  Bell,  no  traces  of 
fossil  elephants  have  yet  been  discovered. 

In  the  maritime  province  the  only  discovery  yet  made 
was  of  some  mastodon  bones,  found  in  banks  of  sand  and 
gravel  in  the  valleys  of  Middle  and  Baddeck  rivers  in  the 
central  part  of  the  island  of  Cape  Breton.  The  two  localities 
were  not  more  than  twenty  miles  apart,  and  in  neither  case 
were  they  more  than  fifty  feet  above  the  sea  (ibid.,  p.  390). 
Bell  gives  no  hint  about  the  horizon  where  they  were  found, 
nor  does  Dawson  in  his  Acadia  (3rd  edit.,  p.  83) ;  but  the 
latter  figures  a  bone  and  a  tooth,  both  of  which  are  rolled  or 
weathered. 

In  the  province  of  Ontario  several  discoveries  of  mammoth 
remains,  etc.,  have  taken  place  during  the  last  seventy  years, 
but  unfortunately  there  is  no  exact  account  of  their  prove- 
nance. The  following  is  a  fair  specimen  of  the  notices  that  we 
find. 

In  regard  to  the  remains  of  elephant  found  in  1852  at 
Burlington  Heights,  near  Hamilton,  at  the  west  extremity  of 
Xiake  Ontario,  Mr.  Billings  says  they  were  found  forty  feet 
below  the  surface  and  sixty  feet  above  the  level  of  the  lake. 
The  workmen  who  found  them  first  pierced  thirty  feet  of 
stratified  and  cemented  coarse  gravel,  then  through  a  layer 
of  coarse  sand,  in  which  the  bones  were  found.     He  adds,  "  The 
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geological  age  of  this  deposit  is  not  yet  determined  with  certainty  ** 
(Geol.  Surv.  of  Canada,  1863,  p.  24,  etc.). 

In  a  paper  by  Coleman  in  the  American  Geologist  for  1894,  p. 
85,  he  describes  the  fossils  reported  at  various  times  from  the 
•drifts  of  the  Ontario  province.  He  says  that  "  in  most  recorded 
instances  the  exact  geological  horizon  of  the  find  has  not 
been  determined  ".  The  only  cases  quoted  as  of  undoubted 
interglacial  fossils  are,  first,  one  from  Niagara  Falls,  where 
Cyclas  was  found  in  a  sandy  loam  containing  striated  pebbles. 
The  authority  quoted  is  Geol,  Surv.  of  Canada,  1863,  p.  902.  I 
will  quote  the  passage  as  evidence  of  the  kind  of  proof  of 
"  undoubted  interglacial  beds  "  accepted  by  some  enquirers. 
Logan,  in  the  volume  in  question,  says :  "At  Niagara  Falls 
the  Silurian  limestone  is  covered  by  120  feet  of  sandy  loam, 
holding  striated  pebbles  and  small  boulders,  and  containing 
near  the  middle  the  shells  of  a  species  of  Cyclas.  It  is  over- 
laid by  fifteen  feet  of  thinly-bedded  reddish-brown  clay  con- 
taining similar  pebbles  and  angular  fragments  "  ! ! ! 

The  second  instance  is  the  well-known  discovery  by  Dr. 
Hinde  (see  Canadian  Journal,  New  Series,  xv.,  p.  388,  etc.)  at 
Scarboro  Heights,  east  of  Toronto.  Hinde  found  in  these 
beds  specimens  of  Planorbis  and  Zonites,  the  elytra  of  a 
Carabid,  Cypris  of  two  or  three  species,  wood  of  pine  or 
cedar,  rushes  and  other  plants,  reeds,  etc.,  some  lycopods, 
mosses,  algSB  and  diatomaceaB.  Over  these  beds  were  large 
deposits  of  till,  while  the  surface  of  the  district  was  strewn 
with  large  boulders. 

When  we  come  to  examine  what  there  was  below  the 
plant  bed,  however,  the  evidence  is  most  unsatisfactory. 
Hinde  himself  says :  "  At  Scarboro  these  clays  (i.e.,  the  clays 
with  plants)  extend  beneath  the  lake  level,  and  they  might 
have  been  deemed  of  pre-glacial  instead  of  interglacial  age  '*. 
The  only  reason  he  gives  for  making  them  pre-glacial  is  that 
in  a  small  patch  at  Humber  Bay,  west  of  Toronto,  where 
the  beds  have  evidently  been  much  disturbed,  there  seems  to 
be  a  slight  overlap  between  beds,  which  he  identifies  as  the 
same  as  those  at  Scarboro.  He  says,  in  fact,  '*  if  it  had  not 
been  for  the  small  outlier  of  the  fossiliferous  clays  at  the 
Humber  Bay  the  beds  in  the  Scarboro  cliff  might  have  been 
regarded  of  glacial  age  ".     Upon  this  exceedingly  fragile  peg 
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the  case  for  interglacial  beds  in  Canada  almost  entirely  hangs. 
To  me  the  evidence  is  virtually  worthless. 

Mr.  Coleman  has  described  a  more  recent  so-called  inter- 
glacial bed  in  a  cutting  on  the  Belt  line,  in  which  many 
specimens  of  the  following  shells  were  found :  'BUvxocera 
subulare,  P,  elevatum,  P.  pallidum  (?),  Valvata  sincera^  Sphcmum 
striatniiim^  Unio  phaseolus,  U.  clavus,  U.  pustiUosus,  var.  school- 
erafti,  U.  oecideTis  (?),  U.  luteolus,  U.  undulatus,  U.  rectus ^  U. 
trigontis,  U.  solidus.  Three  pieces  of  wood  were  found  in 
the  same  place,  which  have  been  provisionally  assigned  to 
FrcLxvrus  qtiadrangtUata^  Quercus  obttisiloba  and  TaxiM  baccata, 
var.  Canadensi, 

I  will  now  give  a  section  of  the  beds  where  this  discovery- 
was  made : — 

FMt. 

1.  Sandy  soil  followed  by  brownish  clay  with  boulden       .        .        S 

2.  Stratified  bluiah-grey  clay  (making  baff  bricks)      ...      69 

3.  Brownish  or  drab  clay  (making  red  bricks)  .11 

4.  Brownish-yellow  stratified  sand 4 

5.  Brown  sand  with  false  bedding  with  thin  layers  of  blue  or 

brown  clay 18 

6.  Blue  clay  (till  with  striated  boulders) 3 

7.  Hudson  River  shales 30 

The  blue  clay,  number  six,  is  described  as  indistinctly 
stratified,  and  as  containing  Unios  in  situ  and  specimens  of 
wood.  It  seems  to  me  to  be  a  typical  specimen  of  the  Erie 
clay,  and  no  more  proves  an  interglacial  bed  than  does  the 
Erie  clay  in  Ohio  in  a  similar  position,  to  which  I  shall  turn 
presently.  What  is  perfectly  plain  is  that  at  this  place  the 
bed  was  overlaid  by  a  great  depth  of  drift  beds  (Coleman, 
Amer.  OeoL,  xiii.). 

A  much  more  definite  and  critical  test  case  is  furnished  by 
an  example  from  the  Canadian  seaboard. 

Sir  Wm.  Dawson  tells  us  he  found  in  Nova  Scotia  no 
pleistocene  shells,  and  the  only  evidence  of  organic  life  he 
found  there  during  the  boulder  period,  or  immediately 
before  it,  was  a  hardened  peaty  bed,  which  appears  under 
the  boulder  clay  on  the  north-west  arm  of  the  river  of 
Inhabitants  in  Cape  Breton.  It  rests  upon  grey  clay  similar 
to  that  which  underlies  peat  bogs,  and  is  overlaid  by  nearly 
twenty  feet  of  boulder  clay.  Pressure  has  rendered  it  nearly 
as  hard  as  coal,  though  it  is  somewhat  tougher  and  more 
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earthy  than  good  coal.  It  contains  many  small  roots  and 
branches,  apparently  of  coniferous  trees  allied  to  the  spruces. 
The  vegetable  matter,  he  says,  composing  this  bed  must  have 
flourished  before  the  drift  was  spread  over  the  province 
{Acadian  Geology^  3rd  edit.,  p.  63). 

Let  us  now  turn  to  the  United  States. 

To  this  part  of  the  American  evidence  I  devoted  a  consider- 
able space  in  my  former  work  {Glacial  Nightmare ^  pp.  475-478), 
where  I  have,  I  think,  shown  how  extremely  fragile  is  the  foot- 
hold of  those  who  claim  to  And  any  substantial  evidence  of 
the  kind  we  are  discussing  in  favour  of  an  interglacial  period. 
I  will  now  only  add  a  few  additional  paragraphs.  The  great 
deposits  of  bones  contained  in  the  so-called  ''  salt  licks  **  are 
not  in  an  area  occupied  by  the  drift.  Within  the  drift 
area  most  of  the  remains  occur  as  sporadic  bones,  and  they 
must  be  treated  as  erratics,  just  as  the  tree  trunks  and  logs, 
which  I  deem  to  be  contemporary  with  the  mammoth.  They 
have  been  frequently  foimd  there  embedded  in  tough  boulder 
clay.  Before  we  consider  the  land  surface  evidenced  by  the 
mamjnoth  remains,  etc.,  a  little  more  closely,  I  should  like 
to  try  and  And  some  reason  for  the  fact  that  among  the 
American  geologists  there  should  be  such  a  divergence  of 
opinion  about  the  true  horizon  of  this  forest  bed.  The  state 
geologists  of  Ohio  hold  that  it  is  post-glacial  or  interglacial,, 
while  those  of  lUinois  and  Indiana  hold  it  to  be  pre-glacial» 

I  venture  to  think  that  this  is  because  the  Ohio  geologists 
have  treated  the  basement  blue  clay  which  underlies  the 
dirt  or  forest  bed  of  that  state  as  a  glacial  deposit  or  a  drift 
deposit,  whereas  I  believe  it  to  be  nothing  of  the  kind.  This 
blue  clay  has  been  treated  as  the  equivalent  of  the  so-called 
Erie  clays  by  Prof.  Newberry  and  otherfi,  and  I  do  not  quarrel 
with  the  identification ;  but  I  would  remark  that  Sir  Wm. 
Dawson  says  of  the  latter  as  it  occurs  in  Canada,  towards  the 
north  these  clays  contain  boulders  and  stones,  but  do  not  constitute 
a  true  boulder  clay. 

They  have  afforded  no  fossils  except  drifted  vegetable 
remains  (op.  dt.,  p.  5).  Again,  the  Erie  clay  differs  entirely 
from  the  Leda  clay,  which  is  a  true  drift  bed,  in  that  the 
former  bums  into  white  bricks,  while  the  latter  bums  into  red 
ones  {ibid.,  pp.  23,  24). 

II.  7 
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The  clay  as  it  occurs  in  Ohio  is  described  by  Dr.  Newberry 
as  a  tough  blue  or  grey  clay,  thickly  set  with  small  pebbles  or 
fragments  of  stone,  and  it  also  contains  a  few,  usually  small 
boulders.  It  is  sometimes  widely  stratified  throughout,  and 
in  many  localities  the  upper  portion  is  very  finely  and  dis- 
tinctly laminated  and  without  pebbles  (27i6  Surface  Geology 
of  Ohio,  p.  21). 

This  description  is  assuredly  very  different  to  that  of  the  till 
or  boulder  clay  we  know  in  Europe,  and  to  that  widespread 
boulder  clay  in  America  which  occurs  at  a  higher  level.  It 
seems  to  me  to  belong  to  an  entirely  different  horizon  than 
the  so-called  glacial  period,  and  to  have  nothing  to  do  with 
it.  If  a  few  rolled  foreign  stones  occur  in  it,  so  they  do  iu 
the  Bed  Crag,  and  I  am  not  at  all  sure  that  it  may  not 
synchronize  with  that  deposit. 

On  the  other  hand,  the  drift  beds,  which  unmistakably 
overlie  and  in  many  cases  cover  the  forest  bed  to  an 
enormous  depth,  are  undoubtedly  true  drift  beds,  charac- 
terised by  true  erratics,  while,  as  Dawson  says,  on  their  mrface 
are  scattered  boulders  and  blocks  of  northern  origin,  often  of  great 
size,  and  in  some  cases  transported  two  hundred  miles  from  their 
original  places.  These  are,  in  fact,  the  equivalents  of  the 
European  drift  beds. 

It  is  the  beds  which  in  so  many  places  constitute  the  re- 
mains of  what  the  Americans  call  the  forest  bed  which,  in  my 
view,  represent  when  intact  the  old  land  surface  over  which 
the  drift  was  distributed,  by  whatever  process  it  was  so  drifted. 
It  was,  further,  the  old  land  surface  on  which  the  mammoth 
and  its  companions  lived,  which,  as  we  have  shown  from 
the  European  evidence,  was  pre-glacial  and  not  post-glacial, 
in  the  sense  in  which'  these  terms  are  used  by  the  glacialists, 
and,  in  my  own  sense,  it  is  simply  older  than  the  distribution 
of  the  drift.  When  we  speak  of  this  forest  bed  being  older 
than  the  drift,  or,  to  use  the  language  of  the  glacialists,  "pre- 
glacial,'*  we  do  not  mean  that  the  forest  bed  is  older  than  the 
so-called  Erie  clays  of  Ohio,  but  is  older  than  the  true  drift, 
which,  so  far  as  we  know,  overlies  it  everywhere. 

I  will  now  take  from  Newberry's  pamphlet  a  number  of 
instances  of  the  finding  of  this  forest  bed  in  situ, 

1.  Boss  County,  Ohio. — Wood,  apparently  cedar,  from  a 
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well  in  clay,  thirty  feet  from  the  surface,  160  to  200  feet 
above  Scioto  river.     (Col.  Whittlesey.) 

2.  Coventry,  Summit  County,  Ohio. — Muck  and  branches 
of  trees,  forty-two  feet  beneath  the  surface,  in  a  well  544  feet 
above  Lake  Erie.    (Col.  Whittlesey.) 

3.  Cleveland,  Ohio. — ^A  carbonaceous  stratum,  with  many 
trunks  of  coniferous  wood  on  surfcbce  of  Erie  clay  beneath 
twenty  feet  of  sand  and  gravel  and  clay,  fifty  feet  above 
Lake  Erie. 

4.  Hamilton  County,  Ohio. — Thirty-five  wells,  containing 
muck  beds,  leaves  or  timber,  from  300  to  500  feet  above  the 
Ohio.     (Col.  Whittlesey.) 

5.  Oxford,  Butler  County,  Ohio. — An  upright  trunk  and 
roots  of  a  tree  in  blue  clay,  at  a  depth  of  thirty  feet.  (D. 
Christy.) 

6.  Highland  County,  Ohio.  In  the  village  of  Marshall 
eleven  wells  out  of  twenty  have  reached  a  stratum  of  vege- 
table matter,  with  leaves,  branches,  roots  and  tree  trunks. 
Many  similar  cases  in  the  same  county.     (Orton.) 

7.  Clermont  and  several  adjoining  counties. — Ancient  soil 
above  the  boulder  clay  (?  the  Erie  clay,  H.H.H.)  and  below 
the  upper  drift  deposits.     (Orton.) 

8.  German  town,  Montgomery  County,  Ohio. — Bed  of  peat 
twelve  to  twenty  feet  in  thickness,  the  surface  covered  with 
sphagnous  mosses,  grasses  and  sedges,  and  containing  quan- 
tities of  coniferous  wood,  with  twigs,  branches  and  berries  of 
red  cedar ;  aUo  containing  bones  of  elephant  and  mastodon  and 
teeth  of  giant  beaver,  the  whole  covered  with  ninety  feet  of 
gravel  and  sand.     (Orton.) 

9.  All  through  South- West  Indiana  ancient  soil,  with  peat, 
muck,  rooted  stumps,  trunks,  branches  and  leaves  of  trees, 
two  to  twenty  feet  in  thickness,  sixty  to  120  feet  below  the 
surface,  called  *'  Noah's  cattle  yards  **.     (J.  CoUett) 

10.  Peoria  County,  Illinois. — ^Drift  over  coal  measures; 
average  thickness  seventy  feet,  consisting  of  blue  clay  below 
fifty  feet  thick,  overlaid  by  old  soil,  with  cedar  timber ;  above 
this,  yellow  clay  and  sand  sixteen  to  twenty  feet  thick ;  section 
shovm  by  thirty-nine  borings  and  many  wells.   (W.  Chapman.) 

11.  Lawrenceberg,  Indiana,  and  many  places  in  Ohio  valley. 
— Old  soil  with  trunks  and  roots  of  trees,  the  latter  in  situ, 
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layers  of  leaves,  ripened  fruits,  grasses  and  sedges,  all  clearly 
distinguishable.  Several  of  the  species  of  trees  and  plants 
can  be  determined,  some  by  their  wood,  others  by  their  leaves 
and  fruit.  Among  them  may  be  named  the  sycamore,  beech, 
shell-bark  hickory,  buckeye,  red  cedar  and  wild  balsam  apple, 
six  feet  above  low  water-mark  and  forty  feet  below  flood  plain. 
(Orton,  vol.  i.,  part  i.,  p.  427.) 

12.  Several  counties  in  Iowa. — ^An  old  soil  with  buried 
timber,  from  forty  to  fifty  feet  below  the  surface,  struck  in 
sinking  wells  over  several  counties.    (Morris  Miller,  in  letter.) 

13.  Walworth  County,  Wisconsin. — Timber  resembling 
white  cedar,  from  a  well  eighteen  feet  deep  in  the  prairie 
region,  about  250  feet  above  Lake  Michigan.    (J.  A.  Lapham.) 

14.  Appleton,  Wisconsin. — Red  cedar  in  red  clay,  eighteen 
feet  below  the  surface,  150  feet  above  Lake  Michigan  ;  also 
white  cedar,  thirty  feet  below  the  surface  in  red  clay.  (Dr.  E. 
C.  S.  E.  Beach,  cited  by  Col.  Whittlesey.) 

16.  Green  Bay,  Wisconsin. — ^Apparently  willow  in  red  clay, 
fifty  feet  below  the  surface  of  Lake  Michigan.  (Col.  Whit- 
tlesey.) 

16.  Iowa  County,  Iowa. — Two  logs  of  resinous  timber  in 
a  well  sixty  feet  deep  on  general  level  of  countiy.  (CoL 
Whittlesey.) 

17.  Grand  Sable,  south  shore  of  Lake  Superior. — ^Layer  of 
roots  and  limbs  of  trees,  sometimes  twelve  or  fourteen  feet 
thick,  resting  on  bluish-drab  clay,  covered  with  sand  inter- 
stratified  with  gravel,  300  feet  thick.  (Sir  Wm.  Logan,  Geology^ 
of  Canada,  1863,  p.  905.) 

18.  Toronto,  Canada. — Trunks  and  branches  of  trees  em- 
bedded in  yellow  clay  overlying  blue  clay,  at  a  depth  of  from 
ten  to  twenty  feet  above  the  surface.     (Prof.  Hinde.) 

Inter  alia,  Newberry  argues  from  these  cases  (1)  that  a  forest 
occupied  the  surface  long  enough  to  produce  a  deep  carbona- 
ceous soil  over  all  the  lower  and  more  moist  portions,  (2) 
that  in  the  marshy  portions  of  this  land  surface  beds  of  peat 
were  formed,  in  some  instances  even  twenty  feet  in  thickness, 
and  (3)  that  most  of  the  ancient  forest  was  coniferous  and  cedar 
and  cranberry  grew  in  the  bogs ;  from  which  we  may  infer 
that  the  climate  was  colder  than  now  in  the  same  region. 
In  the  forest  bed  we  find  the  remains  of  the  manmioth,. 
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mastodon,  giant  beaver  and  some  other  animals.  In  regard 
to  the  great  beaver,  Newberry  says :  "  In  several  of  the  wells 
which  penetrate  the  forest  bed,  chopped  timber  and  chips  are 
reported  to  have  been  found.  As  the  number  of  such  cases 
is  so  numerous,  we  must  suppose  that  the  stories  are  founded 
on  fact,  and  I  have  suggested  that  possibly  the  chopping  was 
done  by  the  great  dental  chisels  of  the  giant  beaver "  {ibid, , 
pp.  30-32). 

All  this  seems  very  sound,  and  the  only  point  in  which  I 
differ  from  Professor  Newberry,  and  which  I  have  excluded 
from  this  sunmiary,  is  in  his  making  the  blue  Erie  clay  an 
older  deposit  instead  of  part  of  the  so-called  glacial  series.  To 
that  series  I  attribute  the  yellow  clay  with  boulders  covering 
the  forest  bed,  and  also  the  enormous  and  numerous  erratics 
which  are  found  on  the  surface,  a  hst  of  the  most  remarkable 
of  which  as  well  as  of  their  mode  of  occurrence  is  given  by 
Newberry  in  the  work  just  cited  (op.  dt. ,  pp.  38,  39) . 

It  is  doubtless  in  the  sense  in  which  I  write  that  some  very 
good  authorities  in  America  have  persistently  maintained 
that  the  forest  bed  underlies  and  does  not  overlie  the  drift. 
Thus  Prof.  Wright,  in  referring  to  the  discovery  by  Prof. 
Orton  in  1870  of  the  forest  bed  at  Germantown  (see  above, 
number  8),  speaks  of  the  ninety  feet  of  deposit  overlying  it  as 
being  till,  and  he  adds  that  both  the  peat  and  clayey  till  above 
it  contain  many  fragments  of  coniferous  wood,  which  can  be 
identified  as  red  cedar  {JunvpervA  virginiactim) ;  and  he  con- 
tinues :  ''  In  numerous  other  places  in  that  portion  of  Ohio 
fresh-appearing  logs,  branches  and  twigs  of  wood  are  found 
underneath  the  till  or  mingled  with  it,  much  as  boulders  are. 
Near  Butler  County,  Ohio,  red  cedar  logs  were  found  under  a 
covering  of  sixty-five  feet  of  till,  and  so  fresh  that  the  perfume 
of  the  wood  is  as  fresh  as  ever." 

Farther  to  the  north-west  similar  phenomena  occur.  Prof. 
N.  H.  Winchell  has  described  them  most  particularly  in 
Fillmore  and  Morven  Counties  (Minnesota),  from  which  they 
extend  through  a  considerable  portion  of  Iowa.  In  the  above 
coimties  of  Minnesota  a  stratum  of  peat  from  eighteen  inches 
to  six  or  eight  feet  in  thickness,  with  marsh  and  sod,  is  pretty 
uniformly  encountered  in  digging  wells,  the  depth  varying 
from  twenty  to  fifty  feet. 
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At  Bamesville,  in  Clay  County,  Minnesota,  which  lies  in 
the  valley  of  the  Red  River  of  the  North,  and  also  in  Wilken 
County,  in  the  same  valley,  tarn  or  rock  v^ood  and  sandy  black 
mud  containing  many  snail  shells  {)idicei)  have  been  found 
from  eight  to  twelve  feet  below  a  surface  of  till. 

That  the  forest  bed  in  Iowa  is  overlaid  by  till  is  quite 
certain.  This  is  admitted  by  those  who  also  believe  in  an 
underlying  till.  Thus  Mr.  Calvin  says  :  "  Remains  of  a  forest 
bed  which  was  overwhelmed  and  buried  by  advancing  glaciers 
are  conspicuous  in  many  of  the  drift  sections  in  North-East 
Iowa.  The  abraded  and  splintered  wood  is  distributed 
through  a  zone  a  number  of  feet  thick,  but  it  is  most  abundant 
in  connection  with  or  just  a  little  above  a  definitely  marked 
soil,  bone  and  peat  horizon.  The  principal  belt  through 
which  forest  material  is  distributed  lies  above  the  soil  and 
peat"  {Bull.  Oeol.  Soc.  Amer,,  x.,  p.  113). 

Prof.  Todd  describes  finding  a  bed  of  marsh  and  soil  under 
twenty  feet  of  silt  and  clay  near  Grand  View  in  South  Dakota, 
and  he  adds:  ''  I  have  frequently  found  traces  of  wood  in  till  in 
Dakota,  but  always  in  an  isolated  way.  I  think,  from  read- 
ing statements  about  the  deposits  in  East  Iowa,  that  most,  if 
not  all,  of  the  cases  are  of  this  sort."  He  refers  especially  to 
the  mistakes  of  well-borers,  in  whose  eyes  a  log  easily  becomes 
a  forest  bed.  "  Prof.  Worthen  insisted  that  there  were  no 
interglacial  soils  or  forest  beds  in  Illinois.  He  was  very 
confident  in  referring  most  of  them  to  pre-glacial  times  " 
(Wright,  Man  and  the  Glacial  Period,  pp.  107-112).  This  is 
what  he  says  in  his  last  publication  as  head  of  the  Geological 
Survey  of  Ilhnois. 

"  Trunks  of  large  trees  are  sometimes  met  with  in  sinking 
wells  through  the  boulder  clay,  but  no  animal  remains  have 
been  authentically  reported  from  it  except  certain  cretaceous 
fossils.  The  boulder  clay  is  frequently  underlaid  by  a  black, 
peaty  soil,  varying  in  thickness  from  two  to  thirteen  feet, 
fiUed  in  many  places  with  twigs,  branches,  occasionally  whole 
trunks  of  trees,  the  wood  in  many  cases  being  in  a  good  state 
of  preservation  *'  (GeoL  Surv.  of  Illinois,  viii.,  p.  9). 

Prof.  Udden  says :  **  In  the  region  south  of  the  Wisconsin 
driftless  area  an  old  soil  is  occasionally  found  under  the 
Kansan  drift,  generally  resting  on  bed  rock  and  often  as- 
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sociated  with  laminated  water-bedded  clay  and  other  silt. 
An  exposnre  of  sach  a  bed  occurs  under  a  bluff  of  drift  in 
the  south  part  of  Muscatine.  ...  It  lies  below  what  appears 
to  be  Eansan  drift.  A  similar  bed  was  uncovered  on  the  east 
side  of  Eastern  Avenue,  at  Davenport,  Iowa.  The  same  bed 
has  been  encountered  at  Bock  Hill,  lUinois,  in  several  wells. 
In  one  of  the  latter  were  found  gasteropods ;  below  it  was  a 
sticky  clay  with  fragments  of  bed  rock,  but  apparently  no 
archaean  pebbles  or  boulders.  This  clay  rested  on  coal 
measures,  and  seemed  to  be  residual  clay  of  pre-glacial  age. 
The  silt  and  muck  above  it  contained  fragments  of  wood, 
one  of  which  measured  nearly  two  feet  in  length.  In  another 
well  in  Thirty-Ninth  Street,  at  Bock  Island,  IHinois,  Helicina 
occulta,  Pupa  atticola,  Pyramidula  striatella  and  Succinea  avara 
were  found.  Similar  deposits  without  fossils  occur  under 
drift  on  the  blufb  east  of  Cordova,  Illinois,  and  in  the  north 
part  of  Chistor,  Iowa.  At  the  latter  place  they  are  laminated 
and  associated  with  a  peaty  or  soil-like  layer.  All  the  frag- 
ments of  wood  foimd  in  the  ancient  soils  belong  to  gymno- 
sperma  . .  .  The  position  of  the  deposits  under  the  till  indicates 
that  they  are  pre-Kansan  in  age  and  probably  pre-glsicial " 
(American  Qeologist,  1898,  pp.  263,  264). 

What  is  true  of  the  forest  bed  is  true  also  of  the  veiy 
'few  cases  where  the  remains  of  the  great  beasts  have  been 
found  in  the  United  States  not  as  boulders,  but  in  situ. 
These  cases  are  none  of  them  conclusive,  and  I  know  of  no 
actual  juxtaposition  of  boulder  drift  and  intact  skeletons  in 
America  at  all,  but  they  seem  to  point  the  same  moral  exactly 
as  the  European  instances.  In  1838  an  almost  complete 
skeleton  of  an  elephant  was  found  in  Jackson  County,  Ohio. 
It  was  found  v/nder  a  mass  of  stratified  material  fifteen  to 
eighteen  feet  in  thickness  (Billings,  op.  cit.,  p.  32). 

In  1852  the  skeleton  of  an  enormous  elephant  was  found 
at  Louisville,  Ohio,  and  described  by  Prof.  Wyman  in  the 
Proceedings  of  the  American  Association  (1857).  It  was  found 
in  a  stratum  of  sand  which  was  overlaid  by  some  large  blocks 
evidently  transported  from  the  neighbouring  carboniferous  and 
Devonian  formations  (BiUings,  Elephant  Bemains  in  Canada^ 
p.  34). 

In  the  Beport  on  the  Geology  of  Ohio,  1878,  vol.  iii.,  p.  593, 
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are  several  notices  of  the  discovery  of  mastodon  bones  in 
Coshocton  County.  Nothing  is  given  to  show  the  horizon, 
but  in  one  case  some  large  bones  8u*e  said  to  have  been  found 
in  a  bed  of  blue  marl,  forty-two  feet  deep,  in  digging  a  well. 
These  were  probably  in  ntu.  The  others  were  apparently 
sporadic  bones.  Warren  in  his  Mefmoir  (m  the  Mastodon,  pp. 
155-6,  says  that  Mr.  Foster,  'who  had  made  a  great  many 
observations  of  the  Mastodon  localities,  had  assured  him  in 
the  strongest  terms  that  he  had  repeatedly  seen  collections  of 
their  bones  below  the  drift  and  boulder  deposits. 

In  smnming  up  these  facts  it  seems  to  me  to  be  established 
as  very  probable  that  the  horizon  of  the  mammoth  and  that 
of  the  American  forest  beds  is  pre-glacial.  Teeth  and  bones 
no  doubt  sometimes  occur  in  drift  as  boulders,  but  when  they 
are  found  in  situ  they  underlie  the  drift  and  do  not  lie  upon  it, 
nor  are  they  intercalated  with  it.  So  much  for  the  evidence 
of  the  land  fauna  and  flora.  Let  us  now  turn  to  the  marine 
debris  associated  with  or  contained  in  the  drift  which  have 
been  supposed  to  attest  to  oscillations  of  climate. 

I  propose  to  limit  my  present  survey  to  the  mollusca  and 
other  higher  forms  of  marine  life.  The  foraminifera,  whose 
evidence  is  so  important,  and  has  caused  so  much  heart- 
burning among  some  glacial  geologists  of  late,  I  shall  discuss 
in  a  later  chapter,  when  we  deal  with  the  origin  of  the  so- 
called  glacial  clays. 

I  shall  begin  what  I  have  to  say  on  the  marine  debris  in 
question  with  a  short  survey  of  the  evidence  from  Britain, 
where  a  great  change  has  come  over  the  opinions  of  geologists 
since  Searles  Wood,  Jun.,  and  Harmer  professed  to  find 
evidence  of  interglacial  climates  in  the  mollusca  of  the  drift 
beds  of  East  Anglia. 

Speaking  of  these  drift  beds  in  East  Anglia,  Mr.  H.  B. 
Woodward  says :  **  These  sands  and  gravels  form  portions 
of  the  higher  ground  near  Cromer,  and  they  are  well  exhibited 
in  the  cliffs  near  Yarmouth  and  Lowestoft.  The  sands  in 
places  contain  shoals  of  broken  shells,  and  these,  more  con- 
spicuous in  the  cliffs  at  Gorleston,  Hopton  and  Corton,  between 
Yarmouth  and  Lowestoft,  were  noticed  by  the  earlier  geologists 
as  re-deposited  crag  shells.  These  shells  were  found  at  Caistor, 
near  Yarmouth,  in  1836  by  Mr.  John  Gunn,  and  they  have  also 
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been  found  at  Billockby  in  the  same  neighbourhood.  Messrs. 
Wood  and  Harmer  have  procured  upwards  of  one  hundred 
species  of  moUusca  from  these  sands,  and  the  assemblage  is 
a  very  curious  one.  With  the  exception  of  one  Yenus,  a 
LoHpes  and  some  new  species,  all  the  shells  are  found  in 
our  crag  deposits ;  but  while  including  a  number  of  species 
which  might  have  come  out  of  the  Coralline,  Bed  and  Nor- 
wich Crags,  yet  **  not  a  trace  or  a  fragment  of  most  of  the 
common  strong  shells  of  the  Coralline  and  Bed  Crags  has 
occurred  ".  Nearly  all  the  specimens  found  are  more  or  less 
rolled,  but  fragile  shells  like  Anomia  ephippivm  are  occasion- 
ally preserved.  Messrs.  Wood  and  Harmer  concluded  that 
the  fauna  was  contemporaneous,  although  the  shells  bear 
evidence  of  having  been  shifted  and  rolled  by  currents  which 
brought  them  from  some  other  part  of  the  sea  bottom  ;  while 
in  their  opinion  some  of  the  delicate  shells  may  have  been 
transported  by  floating  classes  such  as  sea-weed.  These 
conclusions,  I  believe,  says  Mr.  Woodward,  first  started  the 
notion  of  interglacial  mild  periods,^  for  the  presence  of  Coral- 
line Crag  forms  suggested  that  some  connection  with  the 
Mediterranean  area  had  been  reopened  by  submergence  of  the 
land  at  this  period  (Proceedings  of  the  Geol,  Assoc.,  ix.,  pp.  2,  3). 
The  views  of  Messrs.  Wood  and  Harmer  were  followed  by 
Clement  Beid  in  his  Geology  of  the  Country  round  Cromer,  The 
position  was  traversed,  however,  by  Horace  Woodward.  He 
says:  "I  have  for  some  time  felt  great  doubt  about  the  shell 
fauna  having  been  contemporaneous.  Of  course  the  aspect  of 
the  shells  alone  makes  one  sceptical,  and  it  is  admitted  they 
did  not  live  on  the  spots  where  they  have  been  accumulated. 
These  gravels,"  he  says,  **pass  southwards  into  gravels  which 
underlie  the  chalky  boulder  clay  " ;  and  he  further  says  of 
them  that ''  they  dp  not  indicate  deeper  water  conditions ;  nor 
have  we  any  southerly  fossiliferous  beds  of  the  age  which  we 
might  expect  had  the  fauna  migrated  in  interglacial  times 
from  the  Mediterranean  area,"  and  he  suggests  that  the 
middle  glacial  shells  may  have  been  largely  derived  from  old 
crag  accumulations,  now  entirely  destroyed  or  buried  beneath 
the  waters  of  the  North  Sea. 

^  I  believe  Oroll  really  first  suggested  them. 
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Speaking,  again,  of  the  shells  found  in  the  so-called  glacial 
sands  of  the  Cromer  cliffs,  Woodward  continues :  **  There  is 
nevertheless  room  for  great  doubt  about  the  shell  fauna 
being  contemporaneous.  Traced  southward,  these  so-called 
middle  glacial  sands  pass  mostly  into  gravels  which  underlie 
the  chalky  boulder  clay  over  a  considerable  part  of  Essex,, 
and  only  in  two  or  three  places  in  Suffolk,  south  of  Gorton^ 
have  fragments  of  crag  shells  been  found  in  the  drift  of  thi& 
portion  of  the  eastern  counties."  He  further  observes  that 
the  ostracoda  from  the  sands  at  Hopton  Cliff,  near  Yarmouth,, 
instead  of  evidencing  a  mild  interglacial  cUmate,  present  **  a 
generally  arctic  climate  "  (Geol,  of  England  and  Wales,  pp.  504,. 
605). 

Mr.  Clement  Beid,  who  formerly  held  a  different  view,  has. 
for  many  years  been  in  agreement  with  Mr.  Woodward  on 
this  point.  Thus,  in  a  letter  I  received  many  years  ago  from 
him,  he  says :  **  The  fauna  of  the  Aiiddle  glacial  sands  of  Nor- 
folk I  now  have  no  doubt  is  entirely  derivative.  Formerly 
I  accepted  Searles  Wood's  view  as  to  the  contemporaneous 
age  of  the  moUusca,  because  of  the  apparent  force  of  the 
argument  from  the  perfect  preservation  of  thin  and  deUcate 
shells.  The  argument  I  now  see  has  no  value,  for  shaken 
about  under  water  thin  shells  are  less  injured  than  thick  ones. 
The  extraordinary  mixture  of  species  belonging  to  different 
sea  bottoms,  zones  of  depth  and  climates  is  also  against  the 
acceptance  of  the  fauna  as  a  homogeneous  one." 

What  is  true  of  the  so-called  middle  sands  of  East  Anglia  ia 
equally  true  of  the  shingle  beds  which  occur  there.  They  also 
contain  shells  in  certain  places.  These  shells  have  not  been 
found  in  the  corresponding  beds  inland,  and  only  occur  in 
certain  localities  in  the  eastern  parts  of  East  Anglia.  Thia 
everyone  is  agreed  about.  As  Prof.  Prestwich  says,  **  they  are 
found  only  in  that  part  of  the  beds  occurring  on  the  seaboard 
of  the  eastern  counties  ".  They  occur  very  prominently  at 
Southwold,  Henham  and  in  the  Bure  valley.  The  shells  in 
these  beds  are  apparently  all  derivative  and  have  been 
derived  from  the  crag.  They  are  either  contained  in  pockets 
of  crag  sand  or  are  in  close  contact  with  crag  beds,  and,  as  is 
well  known,  the  species  of  shells  found  in  them  are  all  crag 
shells.     Mr.  Whitaker  has  described  twenty-four  species  from 
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this  shingle  in  his  excellent  memoir  on  the  Southwold  shingle^ 
every  one  of  which  is  derived  from  the  crag.  Similarly,  in 
the  Bure  valley  the  shells  found  in  the  sands  which  occur 
with  the  shingle  are  identical  with  those  in  the  Weyboum 
sands,  another  crag  deposit.  This  view,  which  I  have  long  held 
(Geol.  Mag.,  1895,  p.  495),  was  hinted  at  by  Prof.  Prestwich. 
Although  he  did  not  adopt  it  positively,  he  says,  speaking 
of  the  shells  in  the  shingle,  ''  I  am  not  quite  satisfied  that 
these  shells,  or  at  least  all  of  them,  belong  to  the  Westleton 
beds".  At  Henham,  casts  and  impressions  of  shells  were 
found  in  an  iron-concreted  portion  of  the  shingle,  while  at 
the  bottom  of  the  pit  actual  shells  were  found.  At  South- 
wold the  shells  occurred  in  a  lenticular  mass  six  inches 
thick  and  about  five  feet  deep  in  a  cutting  seven  feet  deep  and 
in  another  small  patch  about  twelve  yards  northwards,  and  it 
seems  to  me  they  have  been  derived  from  the  upper  crag  (the 
Chillesford  sands).  Mr.  H.  Woodward,  while  making  the 
Bure  valley  beds  another  horizon,  treats  them  as  part  of  the 
Norwich  Crag  series.  I  am  therefore  of  opinion  that  the 
shells  which  are  found  in  certain  limited  locahties  only  in  the 
shingle  beds^  generally  at  their  base  and  in  close  contact  with 
Crag  deposits,  are  in  every  case  derived  or  remami  just  as  the 
shells  in  the  Middle  sands  are,  and  that  they  in  no  wise  mark 
the  real  horizon  of  the  shingles. 

The  marine  shells  found  in  various  places  round  the  Fen 
country  are,  I  believe,  also  pre-glacial,  although  here  we  have 
no  direct  evidence  of  their  being  either  covered  or  underlaid 
by  drift  beds.  In  the  valley  of  the  Nar  Mr.  Eose  described 
several  of  these  deposits  (Oeol,  Mag.,  ii.,  p.  8),  all  of  them 
clearly  remanUy  since  marine  shells  were  found  in  the  same 
clays  with  the  remains  of  the  manmioth,  the  rhinoceros,  the 
horse  and  red  stag.  In  the  only  section  given  by  Mr.  Bose 
the  shell  bed  lies  directly  on  a  blackish  sand  of  the  lower 
greensand. 

I  cannot  agree  with  Mr.  H.  Woodward  that  some  of  the 
shells  described  by  Mr.  Bose  are  estuarine  shells,  notably  the 
large  oyster  shells,  etc.  Mr.  Woodward  has  given  a  very 
small  selection  from  what  is  really  a  significant  list  (see  Geol, 
Mag.y  ii.,  p.  11).  The  shells  have  no  doubt  come  from  different 
depths.     The  shell  beds  at  March  and  in  the  other  gravels 
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of  the  Fens,  which  agree  so  closely  in  contents  with  the  East 
Anglian  drifts,  and  seem  to  be  associated  with  the  mammoth- 
bearing  beds,  seem  also  to  be  explainable  only  in  the  same  way, 
namely,  that  they  are  the  remains  of  pre-glacial  beds. 

Sedgwick,  Searles  Wood  and  Harmer  speak  of  the  position 
of  these  gravels  as  doubtful,  and  of  our  having  no  means  of 
testing  their  position  in  regard  to  the  drift.  Indications  of 
their  dipping  below  the  boulder  clay  have  been  mentioned, 
and  Seeley  describes  them  in  one  place  as  overlaid  by  three 
feet  of  brown  clay  which  he  seems  to  have  thought  boulder 
clay.  Mr.  H.  Woodward  says  they  are  probably  of  the  same 
age  as  the  marine  gravels  at  Eelsey  Hill,  and  he  admits  they 
are  possibly  older  than  the  basement  clay  {Geol.  of  England 
and  Wales,  p.  500). 

In  regard  to  the  Yorkshire  shell  beds,  Mr.  Searles  Wood, 
Junr.,  in  1882,  while  correlating  the  Yorkshire  basement  clay 
with  the  Cromer  till,  still  argued  that  the  shell  bed  at  Bridhng- 
ton  was  in  place  and  that  the  molluscs  lived  where  they  are  now 
found  (see  Geol,  Mag.,  1882,  p.  192).  The  bed  in  question  was 
in  fact  described  as  a  seam  or  bed  of  shelly  sand  (in  place)  in 
the  purple  boulder  clay.  About  1882  Mr.  Lamplugh  tells  us  he 
was  able  to  show  that  neither  these  shells  nor  those  similarly 
found  at  Dimlington,  near  Spurn  Point,  had  been  obtained 
from  beds  in  place,  but  from  masses  of  sand  and  clay  occurring 
as  boulders  in  the  basement  boulder  clay.  In  1884  he  read 
a  paper  on  these  beds  before  the  Geological  Society,  in  which 
he  tells  us  that  the  fauna  in  the  transported  patches  varied 
^eatly  ;  some  contained  many  shells  throughout,  others  very 
few,  occasionally  none ;  others  had  shells  in  one  part  but  not 
in  another,  and  one  mass  seemed  to  be  of  fresh-water  origin, 
as  it  consisted  of  very  fine  unctuous  clay  without  stones  or 
shells,  through  which  ran  a  thin  seam  of  peaty  matter,  in 
which  traces  of  moss,  wood  and  the  seeds  of  Potamogeton  were 
detected ;  most  of  the  shelly  patches  contained  Foraminifera ; 
the  great  majority  of  the  shells  were  crushed  and  broken  and 
the  fragments  scattered;  there  were  also  fish  and  other  remains ; 
uninjured  shells  sometimes  occurred.  Mr.  Lamplugh  says  he 
found  one  specimen,  and  one  only,  of  Astarte  compressa,  with 
valves  united,  and  one  perfect  Tellina  baltica,  while  in  the 
basement  clay  itself  he  once  found  a  Tellina,  with  valves  closed 
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and  filled  in  with  sand.  Though  he  says  he  himself  only  found 
some  unbroken  specimens  of  the  stronger  bivalves,  such 
as  Astarte,  My  a  truncata,  Pholas  crispata,  Saxicara  rugosa^ 
etc.,  Mr.  Headly,  by  his  sifting  process,  brought  to  light 
magnificent  specimens  of  Nucula  cobholduB^  Tellina  calcarea, 
several  species  of  Leda,  as  well  as  a  large  number  of  the 
smaller  shells — especially  univalves,  which  have  escaped  injury 
far  oftener  than  the  larger  individuals.  Mr.  Lamplugh  urges 
that  while  the  beds  are  not  in  place  the  greater  part  had  a 
common  origin,  and  they  are  all  of  one  age.  In  the  discussion 
which  followed  the  reading  of  this  paper.  Dr.  J.  Gwyn  Jefferies 
said  he  believed  from  personal  inspection  that  this  was  a 
remami  deposit.  The  shells  were  much  more  arctic  in  charac- 
ter  than  those  at  Moel  Tryfaen.  In  his  reply  Mr.  Lamplugh 
said,  inter  aUa^  that  the  difference  of  the  sand  forming  the 
patches  from  that  formed  from  the  waste  of  the  rocks  on  the 
coast  was  an  argument  against  their  having  come  from  the 
neighbourhood  (Quart.  Jov/m.  Geol.  Soc.,  1882,  p.  328). 

In  1885  Mr.  Clement  Beid,  in  his  Geology  of  Holdemess,  fully 
admitted  the  fragmental  and  transported  character  of  the 
shell  beds.  Mr.  Lamplugh  remarks  on  the  fact  that  the 
basement  clay  contains  patches  of  other  deposits  containing 
shells,  etc.  These  inclusions  he  says  are  not  always  beds  of 
glacial  age,  but  are  sometimes  derived  from  the  secondary 
formations,  masses  of  Liassic  shale  and  Neocomean  clay,  the 
former  occurring,  among  other  places,  in  Filey  Bay  and  at 
Bridlington,  and  the  latter  at  several  places  on  Flamborough 
Head.  With  such  distinct  proofs  of  transportation  from  a  dis- 
tance in  some  cases,  we  can  scarcely  resist  the  conclusion 
that  in  others  also,  though  the  evidence  is  less  decisive,  the 
beds  are  likewise  far  from  their  original  positions,  especially 
in  the  case  of  the  shelly  patches,  which  possess  characters 
showing  that  they  can  hardly  have  been  formed  in  the  neigh- 
bourhood in  which  we  find  them.  Speaking  of  a  particular 
patch  of  the  shelly  sand,  Mr.  Lamplugh  says :  "  It  is  most 
instructive  to  find  that  in  this,  the  only  instance  in  which  we 
have  been  able  to  study  the  shell-bearing  patches  in  full 
section,  and  to  see  the  base  of  the  drifts  below,  that  though 
there  are  stratified  beds  lower  in  the  series  these  are  quite 
different  in  character  from  the  fossiliferous  sand,  contain  no 
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fossils,  and  are  probably  not  of  marine  origin,  thus  lending  no 
countenance  to  the  view  that  the  shelly  patches  have  been 
derived  from  beds  inunediately  underlying  the  boulder  clay. 
.  .  .  Nothing  could  be  clearer  than  that  the  scrapings  of  a 
sea  bottom  have  been  incorporated  in  the  basement  clay. 
.  .  .  Many  of  the  shells  indicate  comparatively  deep  water, 
and  may  have  come  from  almost  anjrwhere  in  the  bed  of  the 
southern  part  of  the  North  Sea.*'  Mr.  Lamplugh  argues 
strongly  that  the  basement  clay  is  the  oldest  so-caUed  glacial 
deposit  in  England,  and  that  when  the  shells  were  moved  (of 
course  he  thinks  it  was  ice  that  moved  them,  which  I  think 
impossible)  it  was  from  a  floor  of  bare  secondary  rocks,  save 
when  they  carried  a  thin  covering  of  marine  beds,  which  were 
practically  contemporaneous ;  for  there  are  strong  reasons 
for  thinking  that  the  shells  of  the  fossiliferous  rocks  were 
alive  very  shortly  before  their  transportation.  On  both 
sides  of  Flamborough  Head,  at  Sewerby  and  at  Speeton,  we 
find  the  relics  of  marine  beds  below  the  basement  clay  and 
its  associated  chalk  rubble,  that  appears  to  have  accumulated 
before  there  was  any  boulder  clay  existing  in  the  neighbour- 
hood ;  and  these  prove  an  open  sea,  a  shore  line  and  a 
land  surface  tenanted  by  numerous  large  mammals,  such  as 
the  elephant,  rhinoceros,  hippopotamus,  bison,  etc.,  at  a  period 
not  long  anterior  to  the  formation  of  the  basement  clay,  the 
relative  level  of  sand  and  sea  not  being  very  different  from 
what  we  find  at  present  (o;>.  cii.,  pp.  276-292). 

In  regard  to  the  fish  remains  from  Bridlington,  Mr.  New- 
ton says  that  nearly  the  whole  of  them  are  either  Norwich 
Crag,  Bed  Crag  or  London  Clay  forms,  and,  seeing  that  so 
many  of  the  Crag  vertebrata  have  been  originally  derived 
from  the  London  Clay,  it  is  quite  possible  that  all  the  Brid- 
lington fishes  have  been  derived  directly  from  the  crags.  **  I 
should  doubt  if  any  of  them  were  contemporaneous  with  the 
Bridlington  deposits,  and  the  mineral  condition  and  polished 
surface  of  the  specimens  are  characteristic  of  Crag  fossils. 
This  would  seem  to  point  to  the  destruction  of  older  tertiary 
beds  during  the  formation  of  the  gravelly  sand  containing  the 
arctic  fauna  "  (Qtuirt,  Joum.  Geol  Soc,  1884,  p.  322). 

In  my  former  work  {Glacial  Nightmare,  p.  471)  I  quoted 
some  of  Mr.  Lamplugh's  general  conclusions  in  regard  to 
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interglacial  beds  in  Yorkshire.  His  latest  statement  on  the 
subject  was  read  before  the  Hull  Geological  Society  in  March, 
1898.  In  this  he  says :  "  My  colleague,  Mr.  Clement  Reid, 
whose  opinion  on  such  subjects  is  entitled  to  the  greatest 
respect,  after  surveying  the  greater  part  of  Holderness  came 
to  the  conclusion,  which  I  believe  he  still  holds,  that  the 
gravels  with  fragmentary  marine  shells  which  occur  as 
moirnds  and  ridges  in  various  parts  of  Holderness  are  of 
marine  origin  and  denote  a  mild  interglacial  stage,  and  may 
be  equivalent  to  the  buried  cliffs  of  Sewerby  and  Hessle. 
From  this,"  he  says,  "  I  have  always  felt  compelled  to  demur, 
and  I  doubt  the  correlation  of  the  beds.  On  what  he  bases 
his  doubts  I  do  not  know,  for  he  says  that  he  considers  the 
presence  of  interglacial  beds  in  the  district  to  be  still  unproved  " 
(op.  ct^,  p.  6). 

C.  Lewis  says  that  ''the  character  of  the  shells  in  the 
Weyboume  Crag  accords  well  with  that  of  the  shells  in  the 
pre-glacial  beds  at  Speeton.  No  interglacial  beds  are  known 
on  the  Holderness  coast "  {Glacial  Geology,  p.  367). 

Extremely  comminuted  shells  have  recently  been  found 
in  the  drift  beds  of  Durham  and  of  Berwickshire.  Their 
condition  proves  their  character.  Let  us  now  travel  north- 
wards. 

In  1860  Sir  B.  Murchison  communicated  to  the  Boyal 
Society  a  notice  by  Mr.  T.  F.  Jamieson  of  his  having  found 
in  the  parishes  of  Slains  and  Cruden  in  Aberdeenshire  certain 
beds  of  stratified  sand  and  gravel  beneath  botUder  clay,  and  in 
which  neither  polish  nor  striae  could  be  found  on  the  pebbles, 
and  which  he  assigned  to  the  Bed  Crag.  He  especially 
clainoLS  to  have  found  Cyprina  rtistica,  not  found  in  the  drift 
and  only  in  the  Crag,  also  Fimus  antiquus,  var.  contrarius, 
another  Crag  form  {Geol,  Proceedings ,  1860,  p.  371). 

In  regard  to  these  beds  Mr.  H.  B.  Woodward  says :  **  I 
mention  these  facts  to  show  that  older  pliocene  as  well  as 
newer  pliocene  accumulations  took  place  so  far  north  as 
Aberdeenshire ;  and  hence  all  difficulty  is  removed  in  seeking 
a  northern  derivation  for  the  shell  accumulations  in  the  so- 
called  'middle  glacial'  sands  of  East  Anglia.  .  .  .  Hence 
we  are  justified  in  regarding  the  question  at  any  rate  as  an 
open  one  and  in  making  the  suggestion  that  the  middle 
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glacial  shells  may  have  been  largely  derived  from  old  Crag 
accumulations,  now  entirely  destroyed  or  buried  up  beneath 
the  waters  of  the  North  Sea  "  (tWd.,  pp.  4,  5). 

Describing  the  shell  bed  at  Nairn,  at  an  elevation  of  500 
feet,  C.  Lewis  says  :  "Dr.  Crosskey  has  recently  visited  this 
place,  and  confirms  Mr.  Eraser's  description  of  it.  An  undis- 
turbed mass  of  clay  occurs  there,  full  of  unbroken  delicate 
marine  shells,  with  united  valves;  over  it,  separated  by  a 
sharp  line,  is  a  sand  bed,  ani  over  this,  unconformable  to  it,  and 
sharply  separated  from  it,  is  a  large  mass  of  stony  till.  This  old 
sea  bed  has  been  protected  from  glacial  erosion  by  surround- 
ing crags  of  ^  rocks.  No  erratics  are  known  in  this  sea  bed, 
which  may  therefore  be  pre-glacial.  It  is  an  old  estuary, 
perhaps  of  the  similar  age  to  the  pre-glacial  shell  bed  of 
Speeton  (100  feet  high)  and  the  pre-glacial  marine  and 
estuarine  beds  of  the  Norfolk  coast.  There  is  no  evidence 
that  it  is  interglacial,  or  that  the  submergence  it  indicates 
was  not  anterior  to  the  elevation  which  brought  on  glaciation  *' 
(Lewis,  Glacial  Geology,  pp.  375,  376). 

A  conunittee  of  the  British  Association  reported  upon 
these  beds,  and  I  cannot  sum  up  their  report  better  than  in 
Prof.  James  Geikie's  own  words.  He  says :  "  The  majority 
of  the  committee,  M.  J.  Home,  F.  T.  Jamieson,  David 
Robertson  and  J.  Fraser,  are  of  opinion  that  the  shell  bed 
is  in  situ,  that  the  marine  organisms  lived  and  died  where 
their  shells  are  found,  and  that  svbsequently  the  region  was 
overflowed  by  glacier  ice  which  deposited  the  sv/per adjacent  boulder 
clay  "  {Great  Ice  Age,  pp.  140,  141). 

Mr.  Home,  of  the  Scotch  Survey,  says  that  the  high 
level  shelly  tills  of  Nairn,  Elgin  and  Banff  ''  are  found  to  be 
overlapped  by  a  reddish-brown  boulder  clay  of  the  normal 
unfossiliferous  character  '*. 

Mr.  Geikie  devotes  many  paragraphs  to  discussing  what 
he  calls  the  shelly  till  of  the  far  north  of  Scotland,  and 
which  he  graphically  describes  as  '*  containing  broken,  crushed 
and  striated  shells  which  are  scattered  confasedl}i  through  the 
mass  much  in  the  same  way  as  the  stones  and  boulders  vdth 
which  they  are  associated  "  {ibid,,  p.  137).  That  is  to  say  the 
shells  in  question  are  derivative  and  not  at  home  in  the  beds, 
and  belong  in  fact  to  a  previous  horizon.     This  is  the  case 
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with  the  shelly  till  covering  a  large  part  of  Caithness.  Mr. 
James  Geikie  again  speaks  of  these  derivative  shells  as 
"broken  shells  and  other  marine  organisms/'  many  of  the 
sheU  fragments  showing  fine  glacial  strise.  It  is  not  common, 
he  says,  to  meet  with  a  perfect  specimen,  but  several  shells  huve 
been  found  with  both  valves  complete,  and  more  or  less  well 
preserved  single  valves  are  not  very  rare.  In  general,  how- 
ever, they  are  mere  fragments,  and  are  scattered  through  the 
clay  in  the  same  irregulflkr  manner  as  the  stones  and  boulders. 
It  is  noteworthy  that  they  show  a  curious  mixture  of  arctic, 
boreal  and  southern  forms.  Among  them  only  a  small  number 
are  characteristic  of  the  littoral  zone,  the  most  abundant  being 
species  whose  habitat  lay  in  deeper  water.  It  may  be  added 
that  the  shells  occur  most  plentifully  along  the  eastern  sea- 
board of  Caithness,  being  gradually  scarcer  as  the  till  is 
followed  inland  towards  Thurso  and  Beay. 

Messrs.  Peach  and  Home  have  recently  shown  that  a 
similar  shelly  boulder  clay  occurs  in  the  Orkney  Islands.  The 
numerous  shell  fragments  are  often  smoothed  and  striated 
in  the  same  manner  as  the  glaciated  stones  with  which  they 
are  associated  {ibid,,  p.  139). 

Having  discussed  the  shelly  deposits  on  the  borders  of 
the  North  Sea,  let  us  now  turn  to  those  on  the  western  side 
of  Britain.  A  word  only  about  the  remains  of  shells  which 
have  occurred  in  Shropshire  and  in  the  watershed  of  the 
Severn.  These  are  associated  with  the  remains  of  the 
mammoth  and  are  very  broken  and  disintegrated.  They  seem 
to  me  to  be  most  distinctly  derivative,  and  not  to  evidence,  as 
Murchison  thought,  a  former  arm  of  the  sea  existing  in 
Salopia. 

Mr.  M.  Beade,  in  the  Quarterly  Journal  of  the  Geological  Society, 

1874,  p.   27,  in  describing  the  drift  beds  of  North- West 

England,  says  that  the  shells  are  much  rolled,  and  that  they 

could  not  possibly  have  lived  together  on  the  same  bottom, 

some  being  pecuUar  to  sand,  others  to  mud ;  some  to  rock, 

others  to  shingle ;  some  requiring  deep  water,  and  others 

shallow ;  so  that  the  conclusion  is  irresistibly  forced  upon 

us  that  they  must  have  been  to  a  large  extent  transported. 

These  shells  occur  at  Liverpool,  Blackpool,   Warrington, 

Chester,  etc.,  and  with  the  exception  of  three  species  may 
II.  8 
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be  described  as  Irish  Sea  shells,  but  as  a  rule  they  have 
more  northern  facies  than  those  now  living  in  the  Irish  Sea. 

My  friend  Mr.  B.  D.  Darbishire  described  in  the  Quarterly 
Journal  of  the  Oeologicai  Society  for  1874,  p.  38,  a  hill  of  gravel 
near  Leyland,  in  Lancashire,  which  contained  rolled  fragments 
of  shells.  He  thinks  the  shells  did  not  live  where  they  are 
found. 

In  the  Quarterly  Journal  of  the  Geological  Society^  1878,  p. 
383,  Mr.  Thom  described  rolled  shells  sorted  by  water  ac- 
cording to  weight  as  occurring  about  Newton-le- Willows. 
They  are  not  in  situ,  and  the  valves  of  the  bivalves  are  never 
united. 

Edward  Forbes  argued  long  before  that  the  shells  in  the 
north-western  drift  do  not  indicate  a  sea  bottom  or  sea  beach 
but  have  been  transported  from  lower  levels.  The  fauna  of 
the  upper  clay  at  Newton,  says  Lewis,  is  clearly  littoral  or  sub- 
httoral.  The  shells  are  not  in  situ.  He  says  that  the 
Liverpool  boulder  clay  and  its  moUusca,  described  by  Beade, 
is  identical  with  this.  The  few  southern  shells  in  the 
Liverpool  and  Newton  boulder  clays  are  derived  from  the 
older  sands  (Glacial  Geology ^  etc.,  pp.  361,  362). 

The  pleistocene  shells  collected  by  Dr.  Crosskey  in  this  dis- 
trict were  of  two  different  kinds ;  one  of  these  classes  may  be 
described  as  *'  shell  pebbles,"  since  they  are  all  transported  and 
waterwom  fragments.  They  are  white,  fragmentary  and 
almost  always  rolled  and  rounded.  They  lie  in  drift  sand, 
grave]  or  till,  and  are  to  be  classed  with  pebbles.  They  do  not 
lie  in  the  position  in  which  they  lived.  They  occur  at  all 
heights  up  to  1,500  feet,  occurring  as  high  as  any  drift  gravels 
occur.  These  are  the  shells  of  Moel  Tryfaen,  of  Macclesfield, 
of  Blackpool  and  of  Loch  Lomond.  At  Moel  Tryfaen  and 
at  Macclesfield  (perhaps  also  at  the  other  points)  they  lie 
in  rounded  gravel  and  sand  among  the  pebbles  and  have 
been  transported  from  sea-ward.  They  are  associated  at 
Moel  Tryfaen  with  flints  fi:om  Antrim  (Lewis,  Glacial  Geology 
of  Great  Britain,  pp.  379,  380). 

Mr.  Kendall  says :  *'  The  fauna  of  the  middle  sands  and 
gravels  yields  no  support  to  the  theory  of  an  interglacial 
period  on  the  western  side  of  England.  Indeed,  if  reliance 
is  to  be  placed  upon  the  shells,  there  is  ample  justification 
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for  the  statement  that  the  sandy  deposits  which  have  been 
called  interglacial  were  laid  down  under  conditions  of  greater, 
rather  than  less,  severity  than  the  boulder  clays  with  which 
they  are  associated,  inasmuch  as  they  contain  a  fauna  which, 
in  its  entirety,  is  decidedly  of  a  more  boreal  type  than  that 
found  in  the  boulder  clays ''  (Otladal  Geology  of  GrecU  Britain, 
etc.,  pp.  411^13). 

Mr.  HuU,  as  we  have  seen,  divided  the  so-called  glacial  beds 
of  North- West  England  into  three  horizons,  which  were 
supposed  to  mark  three  periods — two  glacial  periods  separated 
by  an  interglacial  one.  I  have  already  criticised  the  view  at 
some  length  {Glacial  Nightmare,  p.  849,  etc.).  Mr.  Kendall  has 
a  pertinent  paragraph  in  regard  to  it.  He  says  :  "  No  pale- 
ontological  division  can  be  established  between  the  beds.  I 
have  revised  the  lists  of  the  shells  found  in  the  West  Anglian 
deposits  by  Mr.  Shone,  and  added  the  lists  Miss  Ffarington 
has  published  of  those  found  in  her  pit  at  Leyland,  and 
find  that  the  distribution  of  boreal,  now  British  species,  is 
as  follows :  lower  boulder  clay,  5 ;  middle  sands,  13 ;  and 
upper  boulder  clay,  7.  The  distribution  entirely  disposes 
of  '  the  middle  sands '  as  a  paleontological  division,  at  least 
in  West  Anglia  "  (*«.,  p.  426). 

"In  regard  to  the  temperature,"  says  Mr.  Kendall,  ''the 
fauna  is  decidedly  '  inconsistent '  in  every  sense  in  which  such 
a  term  could  be  appUed.  Along  with  a  considerable  number 
of  shells  of  northerly  range  there  are  in  every  division  of  the 
series  shells  which  fail  to  find  a  suitable  habitat  in  latitudes 
so  far  north  as  Britain  at  the  present  day.  Cythere  chione 
does  not  now  range  to  the  north  of  Carnarvon  Bay,  where  it 
is  very  rare,  but  it  is  found  commonly  in  the  three  divisions 
of  the  Lancashire  glacials  "  {Glacial  Geology  of  Great  Britain, 
p.  427). 

Dr.  Gwyn  Jefferies  says  of  these  shells  that  the  mixture  of 
the  northern  and  southern  shells  is  very  noticeable,  and  would 
seem  to  indicate  that  some  of  the  beds  were  remanii,  Venus 
chione  and  Area  lactea  are  pecuharly  southern  forms,  and 
yet  they  occur  with  others  which  are  only  found  in  glacial 
deposits.  Of  the  latter  those  found  in  Cheshire  are  of  Scan- 
dinavian and  not  truly  arctic  type  {Quart,  Joum.  Geol.  Soc., 
xxxiv.,  p.  395). 
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The  shells,  again,  are  not  with  their  proper  surroundings. 
"In  sandy  deposits  there  are  clay-boring  species,  and  in 
clays  we  find  shells  that  are  never  found  living  in  such  a 
bottom.  Strictly,  littoral,  rock-haunting  shells,  such  as  'Pur- 
pura  lapillus  and  Littorina  littorea,  are  found  in  thick  clays 
along  with  the  comparatively  deep-water  Saxicava  norvegica 
and  Tapes  virginus,  .  .  .  The  condition  of  the  West  Anglian 
shells,  no  less  than  their  association,  is  directly  against  the 
supposition  that  they  are  in  situ.  Through  all  this  region 
I  do  not  know  an  instance  of  a  pair  of  valves  found  in 
apposition  except  in  the  bored  stones  at  Leyland,  and  whole 
shells  are  extremely  rare"  (Kendall,  op.  cit.,  p.  428).  "I 
have  searched  the  Uterature  of  the  subject  and  failed  to  dis- 
cover a  single  case,  in  the  area  to  which  I  have  limited  myself 
more  particularly,  of  sea  shells  in  a  deposit  unaccompanied 
by  .  .  .  transmarine  drift,  that  is,  drift  containing  stones 
which  must  have  crossed  some  part  of  the  sea  to  reach  their 
present  positions."  Kendall  then  goes  on  to  say  that  he  had 
examined  three  sites  which  were  supposed  to  be  exceptions 
to  this  rule,  namely,  one  at  Burnley  in  Lancashire,  one  at 
Gloppa  near  Oswestry,  and  a  third  at  Halkin  in  Flintshire, 
and  in  every  case  had  found  them  with  transmarine  rocks. 
In  regard  to  the  shelly  drifts  of  the  Isle  of  Man,  Mr.  Kendall 
says,  "  the  condition  of  the  shells  is  strongly  opposed  to  the 
idea  of  their  being  in  their  native  habitat.  Throughout  the 
sands  and  gravels  the  shells  are,  generally  speaking,  very 
much  worn  and  broken,  and  I  have  not  seen  a  single  example 
of  a  bivalve  having  the  valves  in  apposition." 

'*  In  the  boulder  clay  met  with  in  the  sewer  cutting  in  the 
Mooragh  (a  dark,  tough  clay  full  of  stones)  Dr.  Tillet  and 
Mr.  Kermode  found  two  examples  of  Tellina  baltica  with  the 
valves  united,  but  the  remarkable  fact  is  recorded  by  Dr. 
Tillet  that  though  they  were  taken  out  of  hard,  grey-brown 
boulder  clay,  the  valves  were  full  of  a  white  siliceous  sand 
in  which  ...  I  detected  some  foraminifera.  Similar  facts 
have  been  noted  by  Mr.  Lamplugh  and  Mr.  Shone,  and  the 
interpretation  is  plain :  the  shells  lay  in  a  sandy  bed  on  the 
floor  of  the  sea.  ...  I  incline  to  the  opinion  that  the  clay 
in  which  these  shells  occur  is  a  portion  of  the  sea  bottom 
which  has  been  transported  bodily.  .  .  .  The  nature  of  the 
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shells  in  the  drift  is  strongly  confirmatory  of  the  views  I 
have  here  expressed  regarding  their  origin.  There  is  a  mix- 
ing of  species  of  diverse  habitat  quite  different  from  the 
natural  grouping,  and,  .  .  .  having  legard  to  the  fact  that 
we  nowhere  get  a  pure  fauna  such  as  might  have  lived  side 
by  side  on  the  sea  floor,  it  seems  a  very  strong  argument 
against  the  marine  origin  of  the  beds."  Mr.  Kendall,  of 
course,  means  their  marine  origin  m  ziiu, 

Mr.  Kendall  then  goes  on  to  point  out  what  I  consider 
a  very  interesting  and  important  fact.  He  refers  to  the 
number  of  extinct  species  in  the  Manx  drifts.  ''Of  these,'*  he 
says,  "  assuming,  as  I  feel  justified  in  doing,  that  the  Miira 
and  the  Woodia  are  extinct,  we  have  eight,  constituting  ten  per 
cent,  of  the  whole  fauna.  One  of  these,  certainly,  viz.,  N<u9a 
reticosa,  as  I  have  pointed  out,  has  long  been  known  in  the 
pliocene  beds  of  East  Anglia,  Cornwall,  Belgium,  France 
and  Italy,  and  from  the  way  in  which  the  species  diminishes 
in  numerical  representation  in  the  successive  zones  of  the 
Bed  Crag,  and  is  represented  in  the  newer  pliocene  deposits 
of  East  Anglia  only  by  remaniS  specimens,  I  feel  justified  in 
regarding  it  as  a  species  which  in  all  probability  became 
extinct,  in  British  seas  at  least,  before  the  close  of  the  pliocene 
period.  The  general  aspect  of  the  other  species  of  the  Manx 
drift  is  southern  rather  than  northern,  and  these,  too,  I  believe 
to  be  pliocene  shells. 

"  One  general  explanation  applies  to  the  occurrence  of  all 
these  shells,  vis.,  that  in  common  with  the  rest  of  the  moUuscan 
contents  of  the  drift  deposits  they  are  to  be  regarded  not  as  a 
contemporary  fauna  of  the  glacial  period,  but  as  the  reUcs  of 
the  shell  banks  of  various  geological  ages."  Of  course  he  attri- 
butes their  collection  and  deposition  to  the  ice  monster,  but 
with  this  exception  I  confess  the  rest  of  his  argument  seems 
sound,  and  I  will  quote  it  as  it  stands :  *'  Pliocene  shells,  which 
would  include  probably  the  extinct  and  southern  species, 
would  be  brought  into  juxtaposition  with  shells  but  recently 
vacated  by  the  occupants  of  the  glacial  seas.  Shells  from 
the  deep  water  would  be  mingled  with  the  species  which  live 
adhering  to  the  rocks  between  tides,  such  as  Pwrpura  lapillm 
and  Littorina  littorea;  burrowing  shells,  which  would  live 
embedded  in  mud,  would  be  found  along  with  those  whose 
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natural  habitat  was  a  sandy  or  gravelly  bottom.  It  is  con- 
sistent with  this  explanation  that  the  shells  are  usually  in  a 
very  much  broken  condition,  only  the  stronger  'shells  as  a 
rule  surviving  the  rough  treatment  to  which  they  have  been 
subjected.  The  univalves  are  more  commonly  found  in  a 
perfect  condition  than  the  bivalves,  paired  valves  of  the  latter 
being  rarely  found,  and  shell  fragments,  especially  when 
found  in  the  boulder  clays  and  showing  no  signs  of  decorti- 
cation by  chemical  action,  not  unfrequently  being  polished 
and  ice-scratched.'*  Summing  up  his  opinion,  Mr.  Kendall 
says  of  the  evidence  of  the  shells  in  the  Manx  drift :  "I  regard 
them  as  relics  of  shell  beds  of  different  geological  ages  which 
have  been  .  .  .  re-deposited  either  in  the  unassorted  boulder 
clays  or  in  the  washed  sands  and  gravels.  A  stoneless,  shelly 
clay,  containing  a  purer  fauna  and  better  preserved,  may  be 
a  transported  mass  of  the  sea  bottom  *'  (Glacial  Oeology  of  the 
lile  of  Man,  pp.  37-43). 

Prof.  G.  A.  Cole,  speaking  of  the  sheU-bearing  beds  of  Ire- 
land, said  the  ''  shells  are  now  generally  admitted  by  field 
observers,  including  Mr.  Maxwell  Close  himself,  to  have  been 
removed  from  their  original  habitat,''  and  he  argues  that  many 
of  the  so-called  '^  recent "  species  in  glacial  beds  might  easily 
be  derived  from  Astian  or  even  earUer  strata  {Quart,  Joum. 
Geol,  Soc.,  li.,  p.  478). 

Of  the  shell  beds  in  Arran,  Mr.  James  Geikie  says :  "  They 
appear  to  be  to  some  extent  rearranged,  so  that  possibly  the 
shells  do  not  always  occupy  the  positions  in  which  they  were 
originally  embedded  "  {Oreat  Ice  Age,  p.  137).  This  admission 
is  surely  quite  enough. 

Dr.  Fraser  has  described  the  occurrence  at  Oakshaw  Hill, 
Paisley,  beneath  a  mass  of  vmfossUiferous  till,  of  a  bed  of  shelly 
clay  with  a  bed  of  MytUus  eduLis  on  its  surface. 

Very  remarkable  evidence  of  thepre-glacialdateof  the  marine 
debris  in  the  Scotch  drifts  is  afforded  by  the  beds  in  Kintyre, 
which  were  examined  by  two  special  and  strong  committees  of 
the  British  Association.  They  examined  the  deposits  at  three 
places,  namely,  Tangyburn,  Drumore  Burn  and  Cleongart. 

At  Tangyburn  the  shelly  clay  was  found  to  be  overlaid  by 
boulder  clay  thirty  feet  in  thickness.  It  was  similarly  overlaid 
at  Drumore  Glen. 
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At  Gleongart  the  section  shows  (1)  boulder  clay,  seventy- 
four  feet ;  (2)  shelly  clay,  twenty-seven  and  a  half  feet ;  (3) 
coarse  sand  and  gravel,  eleven  feet,  and  mica  schist.  The 
shelly  clays  in  this  district  would  seem  to  be  in  situ. 

Let  us  now  turn  to  the  Continent.  In  the  countries  round 
the  Baltic  we  have  a  similar  problem  to  solve  to  that  which 
I  have  just  been  discussing  in  Britain.  There  also  we  have 
a  number  of  drift  beds  containing  or  associated  with  marine 
sheUs  and  other  marine  debris  whose  age  has  been  fought 
over,  and  the  question  has  continually  arisen,  and  still  induces 
a  warm  polemic,  whether  they  are  pre-glacial  or  not  in  the 
sense  used  by  the  glacialists.  In  order  to  settle  such  a  point 
we  must  decide,  as  Schroder  says,  two  matters :  first,  whether 
they  are  derivative  or  not,  and,  secondly,  whether  they  are 
both  underlaid  and  overlaid  by  true  boulder  till.  In  regard  to 
both  these  issues  there  is  the  greatest  uncertainty,  and  there 
has  been  a  very  loose  method  of  applying  a  test  and  criterion 
to  the  problem.  Let  me  first  quote  an  authority  of  the  first 
class  who  is  a  champion  of  the  glacial  theory.  Wahnschaffe, 
in  his  well-known  memoir  entitled  Die  Ursachen  der  Oberflachen" 
gestaltung  des  Norddeutschen  Flachlandes,  says :  "There  are  great 
difficulties  in  ascertaining  the  true  horizon  of  the  beds  of 
marine  and  fresh-water  origin  as  well  as  beds  of  peat  found 
by  Berendt,  Ebert,  Jentsch,  Klebs,  Noetling  and  Schroder 
in  the  diluvium.  These  difficulties  arise  from  the  fact  that 
a  great  part  of  the  marine  shells  thus  found  are  derivative, 
and  that  among  those  who  have  described  them  there  is  as 
yet  no  agreement  in  regard  to  some  of  them  as  to  whether 
they  are  in  situ  or  not." 

Prof.  Geikie  quotes  the  statement  of  Penck  that  most  of 
the  shells  in  the  North  German  marine  drifts  are  broken  and 
abraded  and  that  the  species  is  often  difficult  to  determine. 
Berendt  figured  a  specimen  of  Cardium  edide  which  is  dis- 
tinctly striated.  Penck  found  a  similar  specimen  in  the 
boulder  clay  of  Marienburg  in  West  Prussia,  and  the  geo- 
logical collection  in  the  University  of  Breslau  he  says  contains 
another.  The  same  geologist  mentions  another  notable  fact : 
the  shells  are  sometimes  filled  with  a  material  different 
entirely  from  that  of  the  till  in  which  they  lie  embedded. 
Thus  a  specimen  of  Paludina  dUuviana  in  the  coarse  boulder 
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clay  of  Bixdorf,  which  lies  a  few  miles  east  of  Berlin,  was 
filled  with  a  fine  ductile  clay,  and  a  Ncuza  retictdata  from  the 
boulder  clay  of  Dirshau  in  West  Prussia  was  filled  with  fine 
sea  sand.  It  is  evident,  indeed,  that  all  these  sporadic  speci- 
mens of  molluscs  are  merely  erratics,  like  the  glaciated  stones 
among  which  they  occur.  They  have  been  derived  from  some 
pre-existent  beds  (Prehistoric  Europe ,  p.  278). 

Let  us  now  turn  to  the  lowlands  of  North  Germany.  In 
all  this  district  the  diluvium  is  very  poor  in  shells.  In  the 
whole  district  between  the  Elbe  and  the  Oder  there  is  only 
one  fresh-water  deposit  with  shells ;  along  the  Vistula  and 
through  East  Prussia  only  one  salt-water  fauna,  and  this 
belongs  not  to  the  present  Baltic  but  to  the  German  Ocean 
fauna.  None  of  the  larger  shells,  not  even  the  very  thick 
ones,  like  Cyprina  islandica  or  Venris  virgimca,  are  found  whole, 
while  the  small  ones  are  described  as  full  of  mud  or  clay. 

The  marine  beds  of  this  district  have  been  divided  into  two 
classes,  according  as  they  contain  the  shell  Yoldia  arctica,  which 
Schroder  describes  ''  dU  tvahrscheinlich  evner  alteren  vmd  favms- 
tisch  anders  charahterisirten  BUdungsperiod  des  DUuvvum  cunge- 
horig ''  (op.  cit,,  p.  232),  and  another  shell  fauna  characterised 
especially  by  Cyprina  islandica  (smaller  variety).  This  last 
alone  Jentsch  considers  to  be  interglacial.  ''  Thus,"  he  says, 
"the  interglacial  marine  fauna  of  Prussia  is  composed  of 
Gardiwm  edtde,  C.  echinatvm,  Tapes  virginica,  Cyprina  islandica 
(larger  variety),  Tellina  halticay  Mactra  suhtnmcata,  MytUtis 
edulis,  Scrobicidaria  jnperata,  My  a  (species),  Corhtda  gibba,  Nassa 
retictdata,  Cerithiv/m  (species),  Littorina  littorea  and  Scdlaria 
communis.  Never  is  Yoldia  found  in  these  beds,  which  have 
yielded  many  thousand  specimens  of  their  more  temperate 
species"  (ibid.,  p.  222). 

In  regard  to  the  Yoldia  beds  Geikie  says :  "  Under  what 
is  considered  to  be  the  lower  boulder  clay  of  the  low- 
lying  Baltic  coastlands  of  East  Prussia,  as  at  Steinort, 
Beimannsfelde,  Lenzen,  Succase  and  Tolkemit  (all  on  the 
Frische  Haff),  there  occur  certain  bedded  clays  which  have 
yielded  arctic  and  boreal  shells  {Yoldia  arctica,  Astarte  borealis, 
Cyprina  islandica),  the  arctic  seal  {Pagophilus  gromlandicus),  a 
cetacean  {Delphirms  sp.)  and  remains  of  a  cod  "  {Great  Ice  Age, 
p.  441).    These  beds  are  declared  by  Schroder  to  be  vn  situ  and 
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not  derivative  (op.  city  p.  222).  Munthe,  who  is  a  great  advocate 
of  interglacial  beds,  and  sees  them  almost  everywhere,  allows 
that  the  so-called  Yoldia  clay  is  pre-glacial  {Bull.  Geol.  In$t, 
Ups.,  iii.,  p.  28). 

This  last-named  shell  belongs  to  very  high  arctic  species, 
and  is  no  longer  found  in  latitudes  so  low  as  North  Germany. 
Turning  to  the  more  temperate  fauna,  we  may  divide  the  south 
Baltic  lands  into  two  marine  provinces.  First,  that  to  the 
east  of  the  Oder.  There  we  find  marine  shells  in  some  of  the 
sands.  These  shells  form  a  very  poor  fauna,  and,  according 
to  Schroder,  consist  of  the  following  forms  only :  MytUus 
edidis,  Cardium  eduUf  C.  echinatym,  Cyprina  islandicaf  Astarte 
borealis,  Mactra  subtrtmcata,  Mactra  solidaj  Tellina  baltica,  Scrobi- 
ctdariapiperata,  GorhuLa  gibba,  Naasa  retictUata,  Scalaria  commwm 
and  Littorina  littorea. 

These,  besides  some  shells  now  found  in  the  Eastern  Baltic, 
comprise  others  not  now  living  there,  but  are  like  those 
living  in  the  Western  Baltic,  as  in  Kiel  harbour. 

In  a  paper  published  by  H.  Schroder  on  two  new  finds  of 
marine  diluvial  shells  in  East  Prussia  he  discusses  the  ques* 
tion  of  the  existence  of  real  interglacial  beds  in  the  districts 
of  East  Prussia  with  considerable  skill.  In  regard  to  the 
special  sections  which  he  describes,  they  are  near  Kiwitten, 
and  represent  apparently  shells  in  situ.  It  is  plain,  as  he  says, 
that  the  shell  beds  underlie  the  bo\dder  deposits  (op.  cit.,  p. 
229).  In  a  section  at  Vogelsang,  near  Elbing,  where  the 
shells  are  found  with  their  valves  united,  and  are  therefore 
also  possibly  in  situ,  and  which  has  been  described  by  Jentsch, 
there  is  an  overlying  clay  over  the  shell  bed,  but  no  under- 
lying one.  The  same  is  the  case  with  the  section  at  Oelmiih- 
lenberg,  near  Heilsberg,  first  described  by  Schumann,  Berendt 
and  Elebs,  and  discussed  by  Schroder  {vide  pp.  231-239). 

Now  it  is  a  very  remarkable  fact  that  the  only  marine  beds 
(except  the  Yoldia  beds)  which  Schroder  admits  to  be  in  situ 
in  this  district  are  the  three  just  quoted.  While  of  the  rest 
he  says :  **  Zahlreiche  Fundorte  von  Conchy  lien,  aber  fast  nur 
auf  secondarer  Lagerstatte,  finden  sich  auf  den  Sectionen  Dir- 
schau,  Elbing,  Heiligenbeil,  Labiau  und  Friedland  "  (Schroder, 
Ueber  zwei  neue  Fundpunkte  mariner  Diluvial  Conchylien  in  Oat 
Preussen,  p.  222). 
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Beplying  to  those  who  have  argued  in  favour  of  the  marine 
deposit  at  Jacobsmuhle,  near  Mewe,  being  in  ^itu,  Schroder 
says :  ''  Dann  auch  zwei  Niveaus  mit  marine  Fatma  dort  existieren 
milsten  die  den  Character  der  jetzt  in  der  Westlichen  Ostsee 
lebenden  an  sick  triigen  ".  Of  the  shell  beds  found  by  Jentsch 
at  Jacobsmiihle,  Griinhof  and  Kl.  Schlanz,  which  he  takes 
to  be  remains  of  an  impoverished  marine  fauna  remain* 
ing  in  situ,  and  which  are  overlaid  by  boulder  clay,  he  says 
that  he  differs  from  Jentsch  in  considering  these  deposits 
as  derivative.  In  regard  to  the  peat  bed  found  by  Eljert  at 
Neuenburg,  south  of  Mewe,  and  described  by  Jentsch  a& 
interglacial,  Schroder  says  it  is  also  derivative,  a  conclusion 
in  which  Wahnschaffe  agrees.  I  will  conclude  the  evidence 
of  the  marine  fauna  of  Eastern  Germany  by  another  quotation 
from  the  same  writer. 

Schroder,  while  sajang  it  is  far  from  his  intention  to  deny  the 
existence  of  an  interglacial  period  in  East  and  West  Prussia, 
nevertheless  is  anxious  to  state  that  no  positive  evidence  is 
forthcoming  to  support  it.  **  Ich  glaube  nur  constatiren  zu 
mussen,  dass  die  marine  Fauna  Ost  und  West  P^eussens  bis 
jetzt  keinen  stricten  Beweis  dafur  lieferte  "  (op.  cit.,  p.  237). 

Let  us  now  turn  to  the  Western  Baltic  lands,  especially 
Schleswig  and  Holstein  and  their  borders.  The  discussion 
in  regard  to  the  true  horizon  of  the  shells  found  in  connection 
with  the  drift  beds  of  this  area  is  still  in  active  movement, 
and  Dr.  Gottsche  has  introduced  a  crooked  factor  into  the 
problem  by  following  Penck,  and  invoking  a  glacial  period 
much  older  than  that  represented  by  the  lower  boulder  clay 
of  the  older  northern  geologists,  and  which  seems  based  upon 
very  shadowy  and  unsubstantial  arguments,  and  is  not  gener- 
ally accepted.  Apart  from  this,  the  beds  themselves  are  full 
of  doubt  and  diflficulty.  We  who  have  studied  them  very 
closely  in  England  know  how  difficult,  nay,  impossible,  it  is  to 
make  out  any  coherent  sequence  in  certain  places  for  the 
various  clays  and  sands  which  are  so  intermixed ;  pockets  or 
mcksses  of  each  being  so  often  included  in  the  other.  Dr. 
Gottsche  says  truly :  "  Die  genauere  Altersstellung  dieser 
marinen  Gebilde  innerhalb  des  Diluviums  zu  entscheiden, 
ist  leider  in  vielen  Fallen  an  der  Mangelhaften  Beschaffen- 
heit    der    zu   Gebote    stehenden   Aufschliisse   gescheitert " 
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{JDit  End  Mordnen  und  das  Marine  DUvmium  Schleswig'Hol' 
steins  Geog.  QeseLls,  in  Hamburg y  xiv.,  p.  4).  Dr.  Gottsche 
mentions  seventy-two  places  in  Schleswig-Holstein  where, 
when  in  1898  he  published  his  two  long  and  learned 
papers,  marine  remains  had  been  found  in  connection  with 
the  drift  beds,  a  large  proportion  of  them  having  been 
his  own  discoveries.  In  regard  to  thirty  of  these,  which 
he  enumerates  in  a  table  {ibid.,  pp.  11-53),  he  rejects  their 
evidence  as  that  of  secondary  deposits,  or  for  other  reasons 
which  make  their  testimony  valueless,  leaving  forty-two 
localities,  where  he  tells  us  he  had  found  marine  diluvium 
in  sittL  Any  one  who  looks  at  the  details  as  he  gives  them 
will  see  how  very  necessary  it  is  in  a  great  many  of  these 
forty-two  cases  that  a  careful  re-examination  should  be  made 
in  regard  to  whether  the  shells  in  them  are  derivative  or  not. 

Let  us,  however,  take  them  as  Dr.  Gottsche  takes  them.  Of 
the  forty-two  he  excludes  seventeen,  which  he  again  enumer- 
ates (op.  c*^.,  p.  66).  These  are,  he  tells  us,  **fwr  die  Alters/rage 
ganz  aus  dem  Spiel,  weU  ihre  Lagerungsverhdltnisse  ungenilgend 
bekannt  sind  ".  This  leaves  us  twenty-five  only,  out  of  the 
seventy-two,  which  he  deems  worthy  of  real  discussion,  and  he 
is,  it  must  be  remembered,  a  champion  of  interglacial  climates. 

Two  of  these,  the  beds  at  Itzehoe  and  Bogle  Elint,  he 
says  are  "  sicher  alter,  als  Unterer  Geschiebemergel,  dber 
fraglich,  ob  interglacial  oder  praglacial  '\  Of  twelve  others, 
those  at  Esbjerg,  Hvidding,  Nindorf,  Famewinkel,  Burg  i. 
D.,  Warringholz,  Cleve,  Bensing,  Glinde,  Mommark,  Kekenis 
and  Habemis,  he  says  :  ''  Wahrscheinlich  alter,  als  Unterer 
Geschiebemergel,  aberfraglich,  ob  interglacial  L  oder  praglacial"  ; 
and  he  adds  in  a  note  a  delicious  sentence,  quite  a  psycho- 
logical curiosity  when  referring  to  the  word  wahrscheinlich : 
"  Nur  auf  Vorsicht  sage  ich  hier  wahrscheinlich  ;  meine  sub- 
jective Ansicht  geht  dahin,  dass  die  marinen  Thone  dieser  12 
Liokalitaten  sicher  (ie.,  certainly)  alter  sind,  as  U.G.  wie  ich 
das  ja  auch  namentlich  fiir  den  Cyprinenthon  oben  betont 
habe  ".  That  is  to  say  that  fourteen  of  the  remaining  beds 
are  certainly  older  than  the  lower  boulder  clay. 

After  deducting  all  these  localities  about  which  Dr.  Gottsche 
expresses  his  doubts  so  quaintly,  we  have  eleven  localities 
where  he  considers  it  as  more  likely  that  the  deposits  are 
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interglacial,  and  these  it  will  be  well  to  examine  a  little  more 
<5lo8ely. 

The  first  of  them  is  the  deposit  at  Tarbeck  in  Holstein, 
<$onsisting  of  a  bed  of  shells  of  0%irM,y  MytUits  and  Buccmum, 
first  described  by  Forchhammer  in  1835.  The  sections 
which  have  been  published  of  it  show  it  to  be  covered  by 
boulder  deposit,  while  no  such  deposit  has  been  found  below 
it.  Beyrich,  Meyn  and  Torell  all  describe  it  as  pregladal. 
Gottsche  argues  on  apparently  transcendental  grounds  that 
it  is  interglacial,  while  Munthe  coolly  says,  in  spite  of  his  own 
section,  ''Im  allgemeinen  halt  man  ihn  fiir  interglacial/' 
which  sentence  he  follows  up  by  another,  which  I  must  quote : 
"  Wovon  er  unterlagert  wird,  ist  allerdings  noch  nicht  bekannt ". 
This  is  a  fine  specimen  of  the  reasoning  of  the  devotees  of 
the  new  faith.  Mr.  J.  Geikie  calls  the  bed  interglacial.  At 
Blankenese  the  original  profile  described  by  Dr.  Poulsen  is 
now  covered  up.  In  the  pubUshed  profile  there  is  no  under- 
Ijring  drift  deposit  at  all,  the  surface  bed  alone  being  labelled 
Oeschiebe  Sand,  while  in  Gottsche's  own  boring  in  1889  we  have 
the  plainest  proof  that  the  shell  beds  with  oysters  are  overlaid 
by  drift  beds.  No  drift  bed  of  any  kind  was  found  below 
them  (see  Gottsche,  Sonderabdruok  aus  den  Mitt,  der  Oeog.  OeseU. 
in  Hamburg,  xiv.,  pp.  27,  28).  With  evidence  like  this  before 
him  Gottsche  in  summing  up  his  results  speaks  of  the  beds  at 
Tarbeck  and  Blankenese  as  *'  Sicher  jiiiiger  als  Unterer 
Geschiebemergel  und  sicher  interglacial "  !  I ! 

In  1846  Bruhns  described  a  similar  deposit  with  oyster 
shells  at  Stofs.  No  profile  of  this  deposit  seems  to  be  extant. 
Johnstrup  described  it  as  an  insertion  in  the  boulder  clay.  The 
whole  section  is  destroyed  and  tumbled  about.  Herr  Gottsche 
on  this  evidence  says  of  this  section,  ''  Sehr  wahrscheinlich 
interglacial "  I ! ! 

In  regard  to  the  deposit  near  Sonderburg,  in  the  island  of 
Alsen,  described  by  Dr.  Munthe  at  considerable  length  in  his 
Studien,  ii.,  pp.  53-75,  I  cannot  understand  his  section,  un- 
less it  means  an  inclusion,  like  so  many  of  the  lenticular 
masses  of  sand  in  our  drift  clays.  I  may  add  as  a  singular 
fact  that,  although  protected  from  weathering  by  a  clay  bed, 
Dr.  Munthe  tells  us  no  shells  were  found  in  the  sand,  and  his 
•conclusion  that  the  sand  in  question  contained  Cyprincs  is  based 
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on  the  microscopic  examination  of  some  bits  of  epidermis 
which  were  treated  with  reagents.  The  bed  contained  a  great 
nmnber  of  DiatomacecB  however  (Munthe,  op,  cit.,  pp.  55,  66). 

With  the  bed  at  Sonderburg  Dr.  Gottsche  conples  those  at 
Hostmpholz  and  Fahrenkrug,  and  says  of  all  three,  "  Mog- 
licher  Weise  interglacial  IL,"  and  then  adds  in  a  note,  what  is  a 
key  to  the  whole  position,  "  Doss  Hostrupholz  void  Fahrenkrug 
sehr  wohl  alter  sein  konnen,  ist  oben  schon  angedeutety**  and  thus- 
of  the  long  list  of  seventy-two  localities  in  Schleswig-Holstein 
where  marine  beds  occur  only  four  remain  of  which  Dr. 
Gottsche  can  say,  *'  Sicher  alter  aU  Unterer  Oeschiebemergel  und 
sieher  interglacial".  These  four  are  Dockenhuden,  Nienstedten,. 
Hamm  and  Lauenburg.  I  do  not  propose  to  discuss  them  here, 
for  they  involve  problems  that  will  face  us  later  on.  In  three 
of  these  locaUties  the  lower  clay  as  tested  by  borings  occurs 
at  the  enormous  depth  of  150  to  180  metres,  and  it  seems  as- 
plain  to  me  as  possible  that  the  diluvial  beds  which  overlie 
this  clay  are  not  in  any  way  in  situ^  but  have  been  thrown 
down  into  a  vast  hollow  caused  by  some  collapse.  Here  I 
will  only  say  that  the  surroundings  of  the  beds  entirely  exclude 
them  in  my  view  as  test  objects  of  the  problem.  Of  one  of 
them,  however^  the  deposit  at  Lauenburg,  Schroder  quoting- 
Eeilhack  says,  "  The  cardium  sand  of  Lauenburg  is  under 
the  boulder  clay  and  lies  directly  upon  the  tertiary  beds,'*' 
which  seems  to  me  conclusive. 

It  is  plain,  in  fact,  that  the  supposed  evidence  furnished  by 
the  remains  of  marine  and  terrestrial  beds  of  North  Germany 
to  the  existence  of  any  interglacial  mild  climate  melts  away 
when  it  is  analysed,  and  the  conclusion  seems  inevitable  that^ 
as  in  England,  these  remains  are  older  than  the  drift  period^ 
or,  to  use  the  phrase  in  fashion,  are  pre-glaciaL  It  would  seem, 
farther,  that,  as  in  England,  they  belong  to  more  than  one  phase 
of  the  so-called  pre-glacial  period.  Some  of  the  beds,  as  with 
usy  are  marked  by  the  presence  of  a  specially  arctic  fauna,  of 
which  the  molluscs  Yoldia  arctica,  Cyprina  isUmdica  and  Aatarte 
horealis  are  the  significant  forms.  The  other  beds  comprise 
a  marine  fauna  poor  in  species  but  richer  than  that  of  the 
Eastern  Baltic,  and  not  unlike  that  prevailing  in  the  Western 
Baltic,  notably  in  Kiel  harbour  and  in  the  Cattegat. 

Let  us  now  turn  to  Scandinavia.     The  first  person  who 
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claimed  to  find  evidences  of  more  than  one  ice  period  in 
Scandinavia  was,  I  believe,  De  Geer,  who  wrote  a  paper  in 
1884  entitled  "  XJeher  die  zweite  Ausbreitung  des  Skandinavischen 
Lafideises  '*.  Others  have  since  followed  in  his  wake,  but  Holz 
has  always  opposed  the  view. 

First,  we  may  consider  the  so-called  Yoldia  beds  of  Sweden. 
These  beds,  with  their  exceedingly  arctic  fauna,  can  hardly  be 
of  other  date  than  the  similar  beds  in  the  Frische  Haff,  which 
we  have  already  discussed.  We  have  shown  that  there  they 
are  earlier  than  the  distribution  of  the  so-called  lower  moraine, 
that  is,  are  pre-glacial.  The  Yoldia  clay  or  marl  of  Sweden 
is  what  Erdmann  called  glacial  clay.  It  occurs  in  many 
parts  of  Sweden  as  far  north  as  Dalecarlia  and  Jemteland 
and  passes  into  what  the  same  writer  calls  glacial  sand.  It 
is  particularly  developed  in  the  districts  of  Bohuslan,  West 
Gothia  and  Halland,  where  it  is  marked  by  the  following 
very  decided  arctic  shells :  Yoldia  a/rctica^  Yoldia  pygmcBa^  var. 
gibbosa,  Leda  pemula,  L,  caudata,  L.  myalis,  NuctUa  tenuis, 
MytUue  edtdis,  Pecten  iskmdicus,  Astarte  arctica,  A.  sulcata,  A. 
compressa,  Cyprintts  islandica.  Area  varidentata,  var.  major,  Saxi- 
cava  rugosa,  S.  arctica,  Tellina  proxima,  Lvdna  flexuosa,  Gorbula 
gibba,  Anomia  ephippiwn,  Natica  GrcstUandica,  N.  clausa,  Buc- 
cinum  groGrUandicwm,  Fusus  despectus,  F.  Turtoni,  Trophon 
clathratus,  var.  major,  Mangelia  declive,  Balanus  Hameri,  B. 
porcatus,  B.  crenatus,  Asterias  sp.  The  shells  abound  most 
near  the  coast  and  become  fewer  as  we  go  inland,  and  are 
found  from  the  northern  extremity  of  Bohuslan  to  the 
southern  one  of  Halland  (see  Erdmann,  Formations  Quater- 
naires  de  la  Suide,  p.  82). 

That  the  shells  in  these  beds  are  not  in  situ  over  a  large 
part  of  the  district  where  they  occur  seems  plain  from  the 
fact  that  the  remains  of  land  animals  and  deep-sea  mammals 
have  been  found  with  them.  Thus  at  Marieberg,  near  Udde- 
valla,  there  were  found  in  the  beds  the  horns  of  a  red  deer, 
some  bones  of  a  young  whale  (Hyperoodon)  and  some  well- 
preserved  remains  of  a  fox. 

Again,  on  the  banks  of  the  Bisa,  near  Ofia  Brache,  twelve 
and  a  half  miles  east  of  Uddevalla,  about  eighteen  or  twenty 
feet  deep,  were  found  a  skeleton  of  a  fish  (probably  Gadus 
morrhua)  and  also  some  bones  of  a  bear.     In  other  places 
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skeletons  and  bones  of  whales  and  other  marine  animals 
have  occurred :  thus  a  whole  skeleton  of  a  whale,  now  pre- 
served at  Upsala,  was  found  300  feet  above  the  sea  level  in 
the  parish  of  Wanga  in  Western  Gothia.  It  was  described  at 
the  beginning  of  the  eighteenth  century  by  Swedenborg. 
Prof.  Lilljeborg  identifies  it  as  that  of  HufUeriiis  swedenborgii. 

In  1867  a  well-preserved  skeleton  of  a  seal  was  found  at  a 
depth  of  twenty-three  feet  between  Wenersborg  and  Udde- 
valla.  Bemains  of  another  whale,  identified  with  the  Green- 
land whale  {Balana  mysticetus)  by  Lilljeborg,  were  found  in 
1860  at  a  height  of  sixty  or  seventy  feet  above  the  sea  level, 
near  the  town  of  Warberg  in  Halland.  Other  remains  of 
whales  were  found  in  the  glacial  clay  of  the  same  province 
about  ten  kilometres  east  of  Falkenberg. 

A  skeleton  of  another  species  of  whale,  namely,  Eschrichtius 
robtistus,  was  found  at  two  to  four  feet  from  the  surface  on 
the  island  of  Graso,  outside  the  little  town  of  Oregrund, 
near  Stockholm.  This  was  found  partially  in  the  glacial  clay 
and  partially  in  the  clay  marked  by  MytUus  edtUis  amd  Tellina 
halUca  (Erdmann,  op.  cit.,  pp.  83,  84). 

These  facts  seem  to  make  it  plain  that  the  so-called  glacial 
clays  of  Sweden  are  very  largely  derivative  and  not  in  situ, 
which  is  also  proved  by  the  mixture  of  glacial  shells,  like  the 
Ycldias  with  those  of  Mytilus,  etc.,  belonging  to  temperate 
conditions,  thus  giving  the  deposit  the  same  remani^  character 
which  the  Danish  geologists  have  assigned  to  the  Yoldia  clay 
of  Jutland  (see  Hoist,  Hat  es  in  Schweden  mehr  eine  Eiszeit 
gegeben,  p.  238,  note). 

Let  us  now  again  cross  the  Atlantic.  I  find  it  very  difficult 
to  unravel  the  marine  drift  beds  of  America  as  described  by 
various  writers.  The  beds  containing  marine  shells  occur 
only  in  Eastern  Canada  and  the  seaboard  of  New  England. 
There  are  no  shells  further  west  than  near  Kingston  on  the 
St.  Lawrence  and  Arupri  on  the  Ottawa  (Dawson,  Post- 
Pliocene  Oeology  of  Canada,  pp.  4,  5),  and  the  clays  of  the  basin 
of  the  great  lakes  to  the  south-west  have  as  yet  afforded  no 
marine  fossils  (tfcid.,  p.  58).  As  a  large  proportion  of  both 
sets  of  beds,  both  those  in  the  east  and  west,  are  stratified, 
and  were  therefore  deposited  by  water,  this  seems  to  prove 
that,  as  in  England  and  on  the  shores  of  the  Baltic,  we  have 
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not  to  do  with  a  general  submergence  for  a  considerable  time 
but  with  some  transitory  movement,  and  that  the  shells  are 
not  in  situ  but  remaniS  and  derivative,  just  as  they  have  been 
found  to  be  in  the  European  beds.  The  absence  of  any  pleisto- 
cene shells  in  the  surface  beds  of  Nova  Scotia,  as  is  attested 
by  Sir  Wm.  Dawson,  seems  to  be  a  strong  argument  against 
the  general  submergence  of  the  district  of  the  St.  Lawrence 
and  its  borders.  That  the  beds  containing  shells  which 
occur  in  Canada,  in  New  Brunswick  and  the  Northern  States 
of  America  are  stratified  shows  on  the  other  hand  that  they 
were  deposited  by  water.  This  is  further  evidence  that  these 
shells  are  renumiS  and  have  been  transported  from  the  sea  land- 
wards. This  is,  again,  confirmed  by  the  fact  that  the  western 
beds  answering  to  these  marine  clays  and  sands  are  barren. 

This,  again,  seems  to  be  proved  by  various  other  considera- 
tions. Thus  in  some  places  the  beds  not  only  contain  marine 
shells  of  an  arctic  type,  but  also  the  leaves  and  debris  of  land 
plants. 

These  debris  especially  abound,  according  to  Dawson,  in 
the  Leda  clays  at  Green's  Creek  on  the  Ottawa.  The  species 
hitherto  described  are  Drosera  rottmdifolia,  Acer  spiccUvm, 
Potentilla  canadensis,  Oayhtssacia  resinasa,  Popidus  baisam/tfera, 
Thuja  occidentalism  Pota/mogeton  perfoUai/us,  Equisetum  scirpoides, 
Oarices  and  Gramincs  in  fragments,  FontinaUs  species,  Algcs  (ibid-^ 
pp.  99, 100). 

''  These  plants,"  says  Dawson  "occur  in  the  marine  Leda 
clay,  containing  its  characteristic  fossils." 

At  Eivi&re  du  Loup  Dawson  found  in  the  Leda  clays  the 
pollen  grains  of  firs  and  spruces  {ibid,,  p.  63). 

Secondly,  both  the  Leda  clays  and  Saxicava  sands  are 
scantily  supplied  with  shells,  except  at  the  junction  of  the 
clay  and  sand,  where  they  abound  in  some  places,  showing  Sr 
process  of  sifting  not  usual  with  shells  in  situ. 

Thirdly,  the  shells  from  different  depths,  littoral  and  deep 
shells,  are  mixed  in  these  beds  in  a  way  so  far  as  I  know  quite 
impossible  if  the  beds  were  in  situ.  In  such  a  case  the  shells 
would  be  zoned.  All  this  makes  it  probable  that  the  beds 
with  marine  shells  we  are  discussing  are  not  marine  beds  in 
situ,  but  that  their  contents  are  derived  and  they  have  them- 
selves been  moved.     The  marine  beds  have  been  divided  into 
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three  horizons  by  Dawson  and  others,  namely,  true  boulder 
days,  ihe  Leia  days  and  SaoTJoova  sands.  This  division  is  not 
unnatural  if  we  adopt  it  on  mere  physical  considerations. 
The  boulder  clay  is  described  as  true  till,  consisting  of  hard 
clay  filled  with  stones  and  thickly  packed  with  boulders  and 
for  the  most  part  d&sUtuU  of  stratification.  The  Leda  clays 
and  Saxieava  sands  on  the  other  hand  are  mainly  stratified. 

When  we  test  them  by  their  contents,  however,  and  thus 
tiry  to  find  any  relative  age  for  them,  the  test  utterly  fails. 
"  At  Isle  Verte,  Bivi^re  du  Lioup,  Murray  Bay,  Quebec  and 
St.  Nicholas  on  the  8t.  Liawrenee,"  says  Dawson, ''  the  boulder 
clay  is  foesiliferous,  containing  especially  Leda  tnmcata,  and 
often  having  boulders  and  large  stones  covered  with  Balanu$ 
hameri  and  Bryozoa  "  (op.  oiL,  p.  7). 

In  regard  to  the  so-called  Lida  clays  and  Saxica^a  sands 
the  distinction  based  on  their  contents  seems  arbitrary,  as 
Sateieavas  and  Ledas  occur  in  both  beds,  and  Dawson  himself 
says  (p.  20)  that  it  is  somewhat  difficult  to  refer  a  large  part 
of  the  shells  to  either  deposit. 

The  clays  so  named  often  occur  separately,  and  where  there 
is  some  overlap  this  is  natural  in  beds  which  are  derivative. 
The  sands  and  clays  when  m  iitUj  no  doubt,  had  different 
molluscous  contents,  due  to  their  feeding  grounds  being  differ- 
ent. They  became  mixed  and  confused  in  places  during  the 
transport,  but  they  seem  to  me  to  be  just  as  contemporary  as 
adjoining  mud  and  sand  deposits  on  our  own  shores.  The 
movement  of  these  shells,  etc.,  was,  it  seems  to  me,  clearly 
contemporaneous  with  that  of  the  erratics.  Dawson  himself 
says  that  large  travelled  boulders  often  occur  in  the  Saxicava 
sand  {ibid.,  p.  20),  and  he  speaks  of  large  Laurentian  boulders 
as  being  imbedded  in  the  Leda  clays  {ibid.,  p.  19). 

As  a  good  test  case  of  the  actual  horizon  of  the  shell  beds  I 
will  quote  the  following  from  Colonel  Grant's  paper  on  the 
pleistocene  shells  of  Anticosti.  '*  The  shells  occur,"  he  says, 
"in  the  blue  clay  in  situ,  and  are  capped  by  a  considerable 
thickness  of  drift  boulders,"  etc.  The  shells,  of  which  he  gives 
a  list,  he  says  are  unusually  large.  About  eight  miles  from 
English  Bay  is  a  blue  clay  vrith  very  large  shells  of  Mya. 
These  occur  in  a  cliff  which  is  crowned  by  drift  deposits.  When 
they  slope  the  boulders  or  rounded  pebbles  from  the  top  get 
II.  9 
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mixed  up  with  the  clay  below.  Fragments  of  shells  are  here 
numerous ;  complete  specimens  are  few  (Canadian  Record  of 
Science,  ii.,  p.  45).  He  says  further  that  the  Leda  clay  in  the 
island  contains  many  specimens  of  Saa>icava  rugosa  {ibid.,  p. 
46),  and  he  adds  that  the  same  clay  there  is  overlaid  by  a 
boulder  deposit  connected  with  the  SaxiicaA)a  sand.  To  this  it 
is  probable  that  many  of  the  travelled  boulders  of  Laurentian 
rocks  belong,  as  they  are  found  in  this  connection  not  only 
along  the  whole  south  shore  of  the  St.  Lawrence,  but  even  in 
Prince  Edward  Island  and  in  Nova  Scotia  (ibid.,  pp.  47,  48). 

In  the  Drumlins  at  Winthrop,  in  the  islands  of  Boston 
harbour  and  on  the  peninsula  of  Nantasket,  many  fragments 
of  marine  shells,  of  which  about  twenty  species  have  been 
identified,  and  all  of  which  are  now  living  in  Massachusetts 
Bay,  occur  in  the  unstratified  glacial  drift  or  till  in  the  same 
manner  as  its  boulders  and  rock  fragments,  and  Upham  con- 
siders them  as  derivative.  Venus  mercuraria,  the  round  clam  or 
quoliog,  is  the  most  abundant  species  {Amer.  Geol,,  iii.,  p.  399). 

This  will  suffice  in  regard  to  North  America.  In  regard  to 
South  America  the  problem  has  still  to  be  examined  on  the 
fipot.  The  only  fact  I  have  found  is  a  recent  statement 
by  Nordenskiold,  who,  in  describing  the  recent  beds  of  the 
Magellan  territories,  tells  us  that  in  the  boulder  formation  he 
found  no  remains  of  life  except  occasional  shells  of  a  Turritella, 
^'common  in  the  underlying  tertiary  deposits.  These  are 
presumably  not  original  here  "  (ibid.,  p.  304). 

Let  us  now  try  and  realise  where  we  are.  I  hold,  then,  the 
-shells  in  the  various  stratified  surface  beds  of  Eastern  America 
to  be  not  glacial  (in  the  sense  in  which  that  word  is  generally 
used),  but  derivative  and  pre-glacial,  just  as  the  corresponding 
beds  in  Europe  have  been  shown  to  be,  and  that  they  represent 
the  fauna  of  the  pre-glacial  sea  just  as  the  plant  remains  in 
the  same  beds  represent  the  flora  of  the  adjoining  pre-glacial 
land,  and  when  the  transport  took  place  by  which  the  clays 
and  sands  and  shells  were  moved  the  debris  of  the  existing 
land  flora  were  incorporated  with  these  marine  deposits.  As 
we  proceed  inland  the  quantity  of  the  marine  debris  gradually 
gets  less,  and,  as  we  have  seen,  it  definitely  ceases  at  a  certain 
point,  which  we  have  already  described.  We  have  already 
seen  that  the  remains  of  the  land  fauna  or  flora  afford  no  sub- 


The  Age  of  the  American  Drift  Shells,      131 

stantial  foothold  for  any  theories  of  interglacial  periods.  The 
same  is  the  case  with  the  moUnsca  found  in  the  drift  beds. 
Wherever  we  can  test  the  case  it  seems  to  follow  that  they  are 
derivative  and  belong  to  a  marine  fauna  contemporary  with 
the  mammoth  age  and  the  age  of  paleoUthic  man  on  the  land. 
Nowhere  can  we  find  biological  evidence  to  sustain  inter- 
glacial mild  periods.  Wherever  tested  and  analysed  this 
evidence  has  broken  down,  and  if  there  be  some  cases  where 
a  doubt  exists  they  are  so  few  and  sporadic  that  I  prefer  to 
treat  them  as  involving  faults  of  observation  rather  than  as 
being  exceptions  to  the  rule.  This  is  not  all,  however:  a 
more  important  conclusion  remains  behind.  It  seems  to  me 
that  not  only  does  biological  evidence  of  interglacial  mild 
periods  fail  us,  but  that  there  is  no  evidence  of  a  glacial  period 
at  all  if  we  limit  ourselves  to  the  biological  case  alone.  If  all 
the  remains  of  life  in  the  drifts  are  derivative  they  can  afford 
no  testimony  at  all  about  a  glacial  age.  They  can  tell  us  of 
the  kind  of  conditions  there  were  before  the  drift  was  dis- 
tributed, just  as  the  later  fauna  can  tell  us  of  the  corresponding 
conditions  after  it  had  been  laid  down,  but  in  regard  to  any 
periods  marked  by  glacial  conditions  their  witness  and  testi- 
mony is  a  blank.  This  is  surely  a  very  important  factor 
in  the  problem.  We  know  at  present  no  seas  so  cold  that 
they  do  not  contain  some  life  and  few  lands,  and  if  the 
drift  beds  testified  to  a  long  continued  period  and  not  to  a 
mere  transient  phase  we  ought  to  find  some  relics  somewhere 
of  the  fauna  and  flora  which  characterised  it.  I  know  of  none. 
The  only  answer  available,  I  take  it,  is  that  from  which  some 
ardent  glaciahsts  will  perhaps  not  shrink,  namely,  that  all  life, 
both  terrestrial  and  marine,  was  absolutely  exterminated  at 
that  period  north  of  lat.  50,  and  that  every  sea  was  then 
frozen  tight  to  its  bed  in  the  temperate  zone  and  every  acre 
of  land  was  smothered  with  snow  and  ice,  like  a  portentous 
pall  of  death,  so  that  life  became  impossible.  To  those  who 
hold  this  view  the  biological  testimony  and  the  conclusions 
I  have  set  out  speak  no  parable  whatever.  To  them  it  is 
another  proof  that  their  armour  is  invulnerable.  To  anyone 
else  who  cares  for  the  discussion  it  must  cause  doubts  and 
difficulties  galore,  and  to  some  it  must  look  more  than  ever 
that  the  glacial  theory  is  a  fantastic  dream. 
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CHAPTER  Xn. 

THB  ALLEGED  SOUTHERN  FRONTIER  OF  THE  DRIFT  BED8  AND 
THE  MISTAKEN  INFERENCES  BASED  UPON  IT. 

**  The  whole  country  thereabouts  is  a  solid  body  of  chalk,  covered  with  most 
delioate  turf.  As  this  chalky  master  hardened  at  creation  it  spewed  oat  the 
most  solid  body  of  the  stones,  of  greater  specific  gravity  than  iteelf,  and, 
assisted  by  the  centrifugal  force,  owing  to  the  rotation  of  the  globe  upon  its 
axis,  threw  them  upon  its  surface  where  they  now  lie.'* — Stukeley  on  Sarsens 
{Abury  Dewribedy  p.  16). 

In  the  previous  chapter  I  have  examined  the  alleged  bio- 
logical evidence  in  regard  to  an  ice  age,  and  have  endeavoured 
to  show  that  there  is  no  such  evidence  forthcoming  anywhere 
and  that  the  remains  of  plants  and  animals  which  have  been 
adduced  from  the  drift  beds  as  evidence  of  glacial  periods, 
or  of  interglaoial  periods,  are  derivative  and  really  belong  to 
the  horizon  below  the  drift,  and  therefore  are  older  than 
that  deposit. 

It  would  be  natural  and  in  order  if  I  were  now  to  examine 
the  inorganic  constituents  of  the  drift,  and  to  subject  them 
to  a  similar  analysis ;  but  before  doing  so  I  think  it  necessaxy 
to  face  another  problem,  which  seems  to  me  to  have  been 
entirely  misstated  and  misapprehended  by  the  champions  of 
the  glacial  nightmare,  namely,  the  question  of  the  southern 
boundary  of  the  drift.  In  nearly  every  recent  manual  of 
geology  we  have  had  some  wonderful  maps  published, 
marking  in  aggressive  colours  the  area  where  the  glacial 
phenomena  are  supposed  to  have  occurred,  and  this  area  is 
limited  on  the  south  and  east  by  sharply  defined  lines  of 
frontier,  the  supposed  furthest  limit  of  the  ice  monster's 
footsteps.  This  frontier  line  seems  to  me  to  be  entirely 
misleading  and  illusory. 

Let  US  first  look  at  Great  Britain.  The  hne  in  England 
is  drawn  along  the  valley  of  the  Thames,  and  continued  to 
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the  estuary  of  the  Seyem.  Along  this  line  we  nowhere 
find  anything  in  the  shape  of  a  terminal  moraine  or  any 
other  similar  feature  to  show  the  Umit  of  an  ice-foot  as  there 
is  in  the  case  of  a  modem  glacier,  and  the  boundary,  in  so 
far  as  the  surface  contour  of  the  drift  beds  is  concerned,  is  a 
purely  arbitrary  one. 

The  only  justification  for  laying  down  any  such  Une  is  not 
the  existence  of  surface  features  justifying  it,  but  the  supposed 
difference  in  contents  and  texture  of  the  drift  beds  themselves, 
and  notably  the  supposed  absence  of  erratics  to  the  south  of 
the  line  in  question. 

It  seems  to  me  that  in  both  respects  the  orthodox  view  is 
quite  misleading.  The  number  of  crystalline  boulders  in  the 
drift  of  England  diminishes  at  a  oonsiderable  rate  as  we 
move  southwards  from  the  great  mountains  of  the  north, 
while  the  proportion  of  stones  belonging  to  the  later  and 
stratified  beds  increases  in  a  similar  fashion.  This,  by  the 
way,  is  in  great  contrast  to  true  glacier  deposits  where  the 
stones  are  carried  by  the  glacier,  not  part  of  the  way  but  right 
to  the  ice-foot.  What  we  find  in  England  is  that  as  we 
leave  the  north,  with  its  crystalhne  rocks  or  such  centres  as 
Mount  Sorrel,  in  Northamptonshire,  the  granites,  gneisses, 
greenstones  and  other  primitive  rocks  become  fewer  and 
fewer,  and  the  blocks  and  debris  of  the  mountain  Umestone 
and  carboniferous  beds  largely  take  their  place  and  give  a 
pecuhar  feature  to  the  local  drift.  These  again  presently 
give  way  to  the  permian  and  triassic  debris.  Presently  we 
get  into  an  area  where  the  oolite  and  the  lias  remains  prevail, 
and,  lastly,  we  get  into  one  where  the  chalk  prevails.  This 
last  change  is  a  very  conspicuous  one,  since  it  means  that  the 
surface  beds  become  very  markedly  white  or  grey,  and  in 
consequence  they  have  been  separated  from  the  other  drift 
beds  in  a  most  inconsequent  fashion,  and  fill  a  large  space 
in  glacial  Uterature  under  the  name  of  ''the  great  chalky 
clay"  or  "the  chalky  boulder  clay".  It  would  be  just  as 
reasonable  to  speak  of  the  liassic  clay,  or  the  oolitic  clay,  or 
the  triassic  drift,  or  the  carboniferous  drift.  All  of  them  would 
be  excellent  names  to  distinguish  local  varieties  of  the  same 
great  deposit,  but  would  be  ridiculous  if  they  were  meant  to 
convey  that  each  of  them  marked  a  separate  horizon  as  the 
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chalky  clay  is  supposed  to  do.  This,  by  the  way,  as  we  shall 
see  presently,  applies  not  only  to  the  stones  in  the  clay,  but  to 
the  clay  dtself ,  which  changes  in  texture  as  well  as  contents^ 
with  the  change  in  the  beds  below  it. 

When  we  get  to  the  Thames  valley  we  get  to  an  area 
where  the  chalky  clay  no  doubt  dies  out,  as  the  liassic  clay 
and  the  ooUtic  clay  die  out  further  north.    The  reason  of  this- 
seems  to  me  as  plain  as  can  be,  namely,  that  we  get  into 
an  area  where  the  chalk  was  once  covered  with  tertiary  beds. 
These  tertiary  beds  are  for  the  most  part  not  argillaceous^ 
as  the  great  secondary  strata  bordering  the  chalk  often  are^ 
but  sandy  and  gravelly ;  and  we  quite  naturally  pass,  there- 
fore, from  chalky  clays  with  chalk  boulders  galore,  into  beds, 
largely  consisting  of  gravel  and  shingle  and  sand,  with  great 
blocks  and  boulders,  not  of  chalk,  but  of  greywether  sand- 
stone and  pudding-stone  and  angular  flints,  which,  as  we 
find  them,  are  as  much  boulders  as  the  great  lumps  of  chalk 
and  ooUte  which  we  find  in  East  Anglia  and  the  Fen  districts. 
In  regard  to  the  primitive  erratics,   however,   it  is   quite 
a  mistake  to  suppose  the  foreign  stones  do  not  occur  south 
of  the  line  above  mentioned.      They  become  scarcer,  it  ig 
true,  but  they  have  become  scarce  before  we  reach   that 
line;   and  the  fact  is  that  one  of  the  main  points  in  my 
own    general   argument   is   that  whatever   distributed   the 
drift  it  must  have  been  a  force  which  laid  down  a  large 
part  of  its  earlier  burden  in  the  early  stages  of  its  march 
and  gradually  left  fewer  and  fewer  specimens  of  its  original 
load  as  it  progressed. 

I  now  propose  to  devote  a  little  space  to  the  boulders 
which  have  been  found  to  the  south  of  the  critical  line 
already  mentioned,  and  we  will  first  consider  the  primitive 
boulders.  These  prevail  for  the  most  part  in  the  western 
counties  of  Devon  and  Cornwall  and  along  the  south  coast* 

Sir  H.  De  La  B^che,  in  his  report  on  the  geology  of  Devon 
and  Cornwall,  says :  **  On  the  opposite  side  (i.e.,  the  southern 
side)  of  the  Bristol  Channel  the  drift  from  the  north  is  readily 
seen,  rounded  portions  of  marked  rocks,  well  known  to  occur 
on  the  north,  being  found  not  alone  in  valleys,  but  on  hilla 
and  on  their  flanks,  where  no  rivers,  such  as  would  flow  from 
that  land  from  the  present  inequalities  of  its  surface,  could 
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produce  the  deposits  of  gravel  and  boulders  there  seen.  A 
great  mass  of  detritus  seems  to  have  been  swept  into  the 
Bristol  Channel  from  the  northwards,  and  this  we  could 
scarcely  suppose  would  happen  without  a  great  body  of  water 
passing  onwards  to  the  southward  carrying  before  it,  when 
it  struck  the  opposite  shores  of  the  Bristol  Channel,  a  large 
proportion  of  the  disintegrated  or  decomposed  surfaces  of 
rock  "  (Geology  of  Devon  and  Cornwall,  p.  400). 

At  the  base  of  the  sandstone  cliffs  at  Saunton  Down  and 
Croyde,  in  North  Devon,  there  occur  a  number  of  large  boulders 
of  various  kinds  of  rock.  Some  of  these,  it  would  seem,  says 
Prof.  Hughes,  do  not  exactly  resemble  any  rock  masses  in  the 
drainage  areas  from  which  they  could  have  been  transported 
to  where  they  are  now  found  by  any  kind  of  rain  action.- 
Pengelly,  who  especially  referred  to  one  great  boulder  of  red 
granite,  considered  that  it  was  beyond  the  power  of  the  tide 
to  have  moved  it,  and  invoked  the  aid  of  floating  ice. 

Of  the  boulders  which  occur  along  these  cUffs  some  were 
probably  derived  from  Devonshire,  but  three  of  them  at  least 
have  apparently  come  from  a  much  greater  distance.  One  of 
these  is  a  mass  of  yellowish-white  gneissose  granite,  the  part 
exposed  measuring  8x6x6  feet,  and  is  situated  a  quarter 
of  a  mile  west  of  Middleborough.  The  second  boulder 
occurs  about  half  way  along  the  shore,  south  of  Saunton 
Down.  It  is  of  grey  prophyry,  like  that  at  Arenig.  It  is 
four  feet  across  from  comer  to  comer.  The  third  boulder 
is  like  the  Boss  of  Mull  granite.  Mr.  Whitley  describes  it 
as  egg-shaped  and  containing  rose-coloured  crystals  of 
felspar.  It  has  been  estimated  by  Mr.  Townshend  Hall 
to  weigh  from  ten  to  twelve  tons.  Mr.  Hall  thinks  it  very 
doubtful  whether  there  is  any  vein  of  a  similar  colour  and 
texture  on  Lundy  Island  capable  of  producing  a  block  of  such 
magnitude.  The  nearest  point  of  Dartmoor  is  thirty  miles 
off,  and  red  granite  only  occurs  sparingly  and  much  further 
off.  The  Eev.  Dr.  Wilhams  {Trans.  Geol  Soc,  v.,  p.  287) 
was  of  opinion  that  it  could  not  have  come  from  Dartmoor 
or  Cornwall  or  Lundy,  but  that  it  resembles  the  granite  of 
the  Grampians. 

A  propos  of  these  stones,  which  seem  to  an  unprejudiced 
person  as  much  ice-borne  stones  as  those  of  more  northern 
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latitudes,  Mr.  T.  Hall  said  he  was  of  opinion  that ''  in  various 
parts,  both  of  Dartmoor  and  Exmoor,  there  are  collections  of 
stones  and  debris  similar  in  every  respect  to  those  compos- 
ing the  moraines  of  modem  glaciers  and  valleys,  which  have 
evidently  been  shaped  by  glacial  agency  ". 

Among  the  other  evidences  quoted  may  be  mentioned  that 
Mr.  Doe  {Rti^i  of  the  Committse  on  Erratic  Blocks  to  the  British 
Association,  1876,  p.  110)  records  some  boulders  of  felsite 
occurring  at  a  height  of  some  500  feet  above  the  sea  near 
Oreat  Torrington,  but  these  are  said  to  be  like  the  elvan. 

Mr.  Hall  states  that  at  Waddeton  Court,  near  Dartmouth, 
a  group  of  new  red  sandstone  boulders  are  found  reposing 
on  the  slate  at  elevations  varjring  from  eighteen  to  near  200 
feet  above  the  level  of  the  sea.  At  Haberton,  near  Totnes, 
also  on  a  slate  sub-soil,  boulders  of  a  fine-grained  trap  occur 
at  a  height  of  about  100  feet,  and  are  especially  noticeable  as 
being  in  some  cases  marked  with  parallel  grooves  or  scratches. 
Another  group,  also  composed  of  trap,  is  situated  at  Druid,  near 
Ashburton,  and  boulders  of  various  sizes  have  been  recorded 
as  occurring  in  the  parish  of  Teignton,  near  Teignmouth, 
some  300  feet  above  the  sea.  Another  instance  of  transported 
boulders  occurs  in  the  parish  of  Fremington,  near  Barnstaple, 
where  boulders  of  trap  are  frequently  found  on  or  near  the 
surface  of  a  thick  bed  of  brown  clay  much  used  for  pottery. 

''Dr.  Slade  King,"  says  Prof.  Hughes,  "also  informs  me 
that  a  water-worn  boulder  of  coarse  grey  granite,  weighing, 
say,  two  cwts.,  was  found  in  a  clay  deposit  in  draining  a 
meadow  on  Becklescombe  farm,  near  Ilfracombe.  It  was 
round  and  smooth,  and  had  no  grooves  or  striae  on  it " 
(Quart,  Joum.  Oeol  Soc,,  1887,  pp.  657-670). 

On  the  highest  parts  of  Blackdown,  and  on  the  insulated 
summits  round  the  vale  of  Gharmouth,  pebbles  of  fat  quartz 
are  found  abundantly,  which  must  have  been  drifted  from, 
some  distant  primitive  or  transition  country  and  carried  to 
their  actual  place.  ''  These  cases  are  precisely  similar  with 
those  of  the  blocks  of  granite  on  the  Jura  and  the  plains  of 
North  Germany  and  Bussia,  and  with  the  quartzose  pebbles 
on  the  tops  of  the  hills  round  Oxford  and  Henley"  (OeoL 
Trans.,  2nd  series,  i.,  p.  102). 

Mr.  Henwood  mentioned  the  occurrence  of  boulders  at 
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Morral  Place,  Penzance,  at  eighty  feet  above  sea  level.  At 
I/amorna  Cove  Mr.  Came  noticed  boulderB  of  immense  size 
in  the  roof  of  a  cavern  ten  feet  above  the  highest  tide. 
Between  Iiamoma  Cove  and  Mousehole  he  observed  three  to 
«ight  feet  of  boulders  under  thirty  feet  of  angular  fragments 
in  elay  to  the  north-west  of  Camdu. 

Near  Cam  Bargis  he  noticed  a  mixture  of  boulders  and 
angular  fragments  about  twenty  feet  above  high- water  level. 
The  roof  of  Gamper  Hole  is  composed  of  granite  boulders, 
under  twenty  feet  of  granite  fragments  in  clay,  and  is  forty 
feet  above  high-tide  level. 

At  Pedn-men-du  Mr.  Came  observed  a  few  boulders  at 
thirty  feet  above  the  sea.  The  same  observer  records  the 
occurrence  of  a  bed  of  boulders  fifteen  feet  thick,  in  a  dis- 
integrated granite  and  clay  matrix,  at  fifty  feet  from  the 
flurface,  and  about  500  feet  above  the  sea,  in  sinking  a  shaft 
at  Huel  Cam  tin  mine. 

Mr.  Salmon  mentioned  the  discovery  of  granite  boulders 
at  seventy-four  fathoms  from  the  surface  in  West  Bosewame 
mine,  Gwinear,  which  he  thought  had  been  introduced  by 
fissures  from  the  surface. 

Mr.  Whitley  gives  a  sketch  section  from  Lennor  Castle 
to  the  coast  on  the  north  of  it,  showing  boulders  of  granite 
on  the  surface  of  a  bed  of  decomposed  granitic  loam,  thin 
on  the  slope,  but  as  much  as  ten  feet  thick  on  level  ground, 
and  resting  alike  on  the  granite  and  kellas.  Though  the 
above  may  be  due  to  early  pleistocene  denudation,  it  is  more 
probably  ascribable  to  the  period  during  which  "  the  head  " 
was  accumulated.  DiaUage  boulders  are  similarly  separated 
by  soil  from  their  parent  rock  in  the  Lizard  district  (Ussher, 
Po%i-Ttriia,Ty  Geology  of  Cornwall,  pp.  15,  16). 

West  of  the  granite  tors  of  Dartmoor  the  quartz  pebbles 
are  in  structure  like  the  large  Koulders  of  quartz  known  as 
**  the  Whitakers,"  which  abound  near  Upland,  in  the  parish 
of  Tamerton  Poliot,  about  five  miles  north  of  Plymouth.  One 
of  these  latter  great  quartz  boulders  is  egg-shaped,  about 
ten  feet  by  five,  and  lies  half  buried  in  a  mass  of  smaller 
boulders  and  clay.  Mr.  Pengelly,  F.B.S.,  in  his  description 
of  the  Whi takers,  says:  "That  the  blocks  have  travelled  a 
considerable  distance  cannot  be  doubted,  and  some  of  the 
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blocks,  instead  of  lying  at  once  on  the  Shillet,  were  lodged  m 
a  heterogeneous  accumulation  of  clay  and  stones,  including- 
Whitakers,  from  the  size  of  an  ordinary  apple  to  that  of  a^ 
common  cocoanut"  {Tram,  of  the  Devon.  Assoc.,  vol.  xii.,. 
p.  311). 

According  to  Whitley,  a  boulder  clay  underlies  the  drift 
beds  at  the  mouth  of  the  Taw.  "  I  have  particularly  noticed,"^ 
he  says,  ''  at  the  section  under  Heanton  Court,  that  the  egg- 
shaped  boulders  with  which  it  is  loaded  are  pitched  upright 
in  the  clay,  with  their  small  ends  downwards,  as  if  they  had 
descended  like  a  parachute  through  deep  water  into  the  soft^ 
recently  deposited  clay.  On  further  examining  the  coast 
hne,  I  found  at  low  water,  pitched  in  the  clay,  extending  far 
seawards,  of  the  northern  pebble  ridge,  long,  slender  boulders- 
of  blue  carbonaceous  grit,  which  may  be  seen  standing  upright 
through  the  thin  superficial  covering  of  shell  sand,  like  the 
naked  ribs  of  a  wrecked  vessel  which  is  imbedded  near'' 
(Whitley,  Flint  Flakes,  etc.,  pp.  10-12). 

Belt,  in  a  paper  on  the  drift  of  Devon  and  Cornwall,  divides- 
the  drift  beds  there  into  two  sections.  First,  upland  deposits,, 
reaching  up  to  1,200  feet  above  the  sea,  consisting  of  gravels,, 
clays  and  transported  boulders ;  secondly,  often  fragmentary 
patches  and  lowland  deposits,  gravels,  clays  and  boulders,, 
spread  out  in  more  persistent  and  regular  beds  at  lower  levels. 
In  regard  to  the  former  he  says :  "  The  whole  of  the- 
surface  of  Dartmoor  is  sprinkled  over  with  large  blocks  of 
granite,  some  of  which  are  of  enormous  size.  ...  If  the 
blocks  of  granite  had  been  left  by  the  decomposition  of  the 
softer  bed  rock  they  would  have  rested  on  it,  not  on  gravels 
and  sands.  Neither  can  they  have  slipped  down  from, 
the  *  tors '  that  crown  many  of  the  hills ;  for  they  are  not 
confined  to  the  slopes,  but  are  spread  out  over  the  level 
ground  as  well ;  neither  are  they  concentrated  at  the  bottom, 
of  slopes,  as  they  would  have  been  by  such  action.  Here 
two  or  three  or  even  a  dozen  may  be  crowded  together,  but 
generally  they  are  separated  from  each  other." 

Near  Okehampton  the  bed  rock  is  composed  of  hardened 
shales  and  sandstones.  The  sides  of  the  hills  are  covered 
with  a  stony  clay,  sometimes  as  much  as  thirty  feet  thick, 
containing  many  large  angular  blocks  of  stone,  especially 
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near  to  and  on  the  surface — among  these,  blocks  of  granite 
that  must  have  been  brought  at  least  two  miles  are  not 
infrequent.  On  the  eastern  side  of  Dartmoor  Mr.  J.  W. 
Ormerod  has  noticed  beds  of  gravel  reaching  up  to  900  feet 
above  the  sea,  and  has  given  instances  of  many  transported 
blocks  of  granite  and  carboniferous  rocks.  Thus  to  the 
east  of  Granbrook  Castle  (1,110  feet  above  the  sea),  and 
near  Wooston  Castle,  large  transported  granitic  blocks  over- 
lie the  carboniferous  beds.  On  the  Newton  and  Moreton 
Hampstead  Bailway  fragments  of  granite  are  spread  over 
the  carboniferous  strata,  and  gravel  formed  of  elvanic  and 
carboniferous  rocks  occurs  at  Biddy  Hill,  its  nearest  point 
of  derivation  being  on  the  opposite  side  of  the  valley.  Mr. 
George  Man  has  described  the  occurrence  at  Petroclistow,. 
near  the  centre  of  the  county,  of  an  isolated  bed  of  gravel, 
composed  almost  entirely  of  the  detritus  of  Dartmoor  granite, 
twelve  miles  distant  from  the  nearest  granitic  mass,  and 
considers  that  it  can  only  be  accounted  for  by  an  amount  of 
submergence  covering  the  whole  of  the  ridges.  Many  miles 
to  the  east,  on  the  Haldon  Hills,  gravels  are  found  containing 
pebbles  of  granite  and  other  crystalline  rocks  mingled  with 
chalk  flints  and  chert.  At  Little  Haldon  Mr.  Mackintosh 
found  the  gravels  ten  feet  thick,  extending  down  the  sides  of 
the  hill,  proving  that  it  had  its  present  contour  before  they 
were  deposited.  The  top  of  Little  Haldon  is  about  800  feet 
above  the  sea,  and  the  gravels  extend  ever  its  summit. 

Gravels  with  foreign  pebbles  are  found  on  Straightway 
ELill,  and  on  the  summits  of  the  hills  surrounding  the  vale 
of  Charmouth.  In  regard  to  the  drift  gravels  that  cover  the 
Blackdown  Hills,  first  described,  I  believe,  by  Dr.  Buckland, 
Mr.  H.  Woodward  says :  **  The  bed  rocks  belong  to  the 
greensand  formation,  and  on  the  tops  of  the  hills,  at  heights 
of  from  600  to  700  feet  above  the  sea,  occur  patches  of  gravel 
with  large,  well-worn  boulders  of  chert,  large  pebbles  of 
quartz  rolled-flints,  and  a  few  boulders  of  quartzite.  The 
occurrence  of  old  pebbles  in  a  clayey  drift  on  the  tops  of  the 
greensand  heights  is  the  more  important,  because  on  the 
palaeozoic  rocks  of  Devonshire  it  is  often  very  difl&cult  to 
decide  between  a  drift  gravel  and  the  disintegrated  con- 
glomerates of  the  new  red  series." 
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In  Cornwall,  upland  gravels  occur  on  Grousa  Downs,  near 
St.  Keseme,  and  blocks  of  syenite  are  spread  over  the  surface 
of  them.  On  the  isolated  hill  of  St.  Agnes,  on  the  northern 
coast,  Mr.  Benedict  Kitto  has  described  gravels  containing 
angular  and  water- worn  stones  covered  by  clay,  and  that  again 
by  rubble  and  rounded  pebbles. 

Turning  from  the  upland  to  the  lowland  deposits,  which 
are  often  sudden  and  tumultuous,  Mr.  Belt  says :  ''  On 
the  hills  large  stones  are  found  scattered  over  the  sur- 
face; in  the  lowland  deposits  they  occur  at  the  bottom  of 
the  gravels.  In  Cornwall  the  stream  tin  is  found  at  the 
bottom  of  the  gravel  along  with  rocks  of  quartz  of  great 
size."  In  regard  to  other  areas  in  the  south  of  England, 
Belt  says :  ''  Upland  deposits  have  been  described  on  the 
Black  Downs,  to  the  south-west  of  Dorchester,  at  Preston 
and  Osmington,  and  in  the  Admiralty  quarries  on  the  top  of 
the  Isle  of  Portland.  The  latter  are  remarkable  as  they  over- 
lie remains  of  Elephcu  pHmigerUus  and  E.  Antiquus,  ...  In 
•every  county  of  the  area  to  which  this  paper  is  confined  {%.$., 
the  counties  south  of  the  latitude  of  the  Thames)  there  are 
upland  gravels  with  transported  stones  *'  {Qiiart.  Joum,  Qeol. 
Soc.,  1875,  pp.  80-90).  Prestwich,  speaking  of  Cheselton  in 
the  Isle  of  Portland,  mentions  the  great  masses  of  debris 
there,  and  the  large  blocks  of  Portland  flint  which  come 
from  beds  from  350  to  450  feet  above  the  sea  in  that  part 
of  the  island,  and  he  remarks  on  the  great  force  necessary  to 
move  masses  of  such  size  (Quart.  Joum.  Geol,  80c.,  xxxi.,  p. 
50).  The  phenomena  here  enumerated  have  been  directly 
or  indirectly  traced  to  the  operation  of  glacial  forces  by  D. 
Mackintosh,  J.  F.  Campbell,  Belt  and  others,  and  they  seem 
to  me  to  be  simply  the  prolongation  of  the  phenomena  occur- 
ring further  north,  and  nothing  else. 

Let  us  now  turn  to  the  crystalline  boulders  found  on  the 
south  coast  in  Sussex  and  Hampshire,  which  have  been  such 
a  puzzle  to  many  inquirers,  and  which  still  await  a  rational 
explanation. 

On  these  boulders  I  know  no  one  who  has  written  more 
fully  and  wisely  than  Mr.  Godwin-Austen.  Speaking  of  the 
yellow  drift  clays  occurring  on  the  coast  of  Sussex,  he  says 
of  the  contents  of  these  beds:  ''Independently  of  materials 
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from  the  chalk  formation,  there  are  also  occasionally 
fragments  from  oolitic  strata  and  of  fossiliferous  chert 
sandstones  from  the  upper  greensand ;  but  the  great  peculi- 
arity of  this  part  of  the  series  consists  in  the  presence 
of  rocks  which,  from  their  agt^  eompositiony  points  of  origin, 
nge  and  condiHon,  render  its  mode  of  accumulation  a  problem 
of  no  slight  geological  interest.  The  rocks  in  question  con- 
sist of  grey  porphyritic  granite  (these  are  the  most  abundant), 
compact  red  granite,  syenite,  homblendic  greenstone,  mica 
schist,  green  fissile  slates  and  fibrous  chloritic  semi-crystalline 
rocks,  masses  of  quartz  from  veins,  siliceous  sandstones  such 
as  those  which  occur  in  the  palsBozoic  strata  (Lower  Silurian) 
of  Normandy,  coarse  siliceous  conglomeratic  masses  from  the 
same  series,  micaceous  sandstones  with  Orthides  (Devonian), 
and  black  micaceous  shaly  sandstones,  perhaps  from  some 
coal  measure  series.  With  these  are  blocks  of  compact  lime- 
stone, but  whether  mountain  limestone  or  from  the  older 
middle  palteozoic  series  of  Devon  and  the  Cotentin  is  as  yet 
uncertain/'  Mr.  Austen  tells  us  that  some  of  these  rocks 
also  occur  in  the  beds  above  the  yellow  clay,  which  has 
been  much  abraded  and  has  supplied  materials  for  them. 

Dr.  Mantell  pointed  out  that  the  pebble  or  shingle  bed 
near  Eempe  Town  contained  fragments  of  granite,  porphyry,, 
greenstone,  quartz  rock  and  grejrwaoke  slate,  etc.,  all  now 
foreign  to  the  district  (Proc.  OeoL  8oc.,  1851,  p.  864). 

Mr.  Dixon  noticed  similar  foreign  rocks  in  Bracklesham 
Bay  (FoiBtla  of  Sussex,  p.  14),  and  Sir  R  Murchison  met  with 
"  a  few  pebbles  of  granite  "  in  the  lower  marine  beds  between 
Hove  and  Brighton  (Quart.  Joum.  OeoL  Soc.,  vii.,  p.  396). 

The  form  of  the  rocks  occurring  in  the  yellowish  clay  gravel 
deposit  is  either  that  of  perfectly  formed  elliptical  shingle  or 
that  of  large  subangular  blocks ;  the  rocks  of  the  granitic  seriea 
are  much  the  most  rounded,  some  presenting  beautifully 
smooth  and  polished  surfaces ;  the  greenstones,  though  their 
angles  are  worn,  retain  much  of  the  forms  resulting  from  the 
jointed  structure  of  those  masses.  On  the  other  hand,  many 
of  the  blocks  are  sharp  and  angular,  as  is  particularly  the  case 
with  respect  to  the  quartz  and  slate  rocks.  In  size  these  older 
materials  range  from  coarse  shingle  up  to  masses  of  twenty 
tons  weight ;  the  granitic  blocks,  which  are  by  far  the  most 
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nmnerous,  are  also  of  larger  dimensioiis  than  the  others. 
Fragments  of  greenstone  are  to  be  met  with  from  three  to 
fonr  feet  in  length.  A  rounded  block  of  porphyritic  granite 
has  been  recently  exposed  near  Pagham  by  coast-line  dena- 
dation,  at  a  spot  which  only  a  very  short  time  since  formed 
part  of  a  cultivated  field ;  this  block  measures  twenty-seven 
feet  five  inches  in  circumference.  They  are  found  wherever 
the  yellow  clay  gravel  occurs ;  they  have  a  wide  range  beneath 
the  whole  of  the  level  extending  towards  Selsea,  locally 
known  as  the  Man  Wood  (?  maen  wood  or  stone  wood — 
H.H.H.) ;  they  seem  most  abundant  and  bulky  between 
Bracklesham  Bay  and  Worthing;  their  apparent  increase 
about  Selsea  may  be  due  to  the  advance  which  the  coast  line 
there  makes. 

Bounded  blocks  of  large  size  also  occur  as  far  inland  as 
north  of  the  South  Coast  Bailway,  and  certainly  beyond  the 
limits  of  the  yellow  clay  gravel  deposit ;  but  they  are  covered 
by  other  beds.  Where  such  boulders  occur  in  the  upper  beds, 
they  are  outliers,  and  mark  the  former  extent  of  the  yellow 
clay  gravel  beds ;  and  they  may  also  serve  as  a  measure  of 
the  moving'power  of  the  water,  which,  when  it  denuded  that 
area,  was  insufficient  to  displace  the  larger  masses. 

The  smaller  water-worn  specimens  of  old  or  crystalline 
rocks  are  of  various  sizes,  such  as  may  be  met  with  on  the 
beaches  of  the  French  and  English  coasts  of  the  western 
extremity  of  the  Channel,  and  coast-line  materials  may,  we 
know,  be  conveyed  to  great  distances.  The  formation  of 
perfectly  rounded  shingle,  however,  as  compared  with  masses 
of  subangular  gravel,  implies  lengthened  attrition  in  plsices, 
such  as  bays,  where  the  materials  remain  long  impounded.  If 
we  assume  that  the  rounded  granitic  and  other  shingle  now  found  in 
the  beds  of  the  Sussex  levels  may  have  followed  the  coast  line  from% 
Cornwall  and  Devon  eastwards^  it  should  happen  that  all  these 
materials  should  he  water-worn,  that  similar  pebbles  should  occur 
along  the  intermediate  space,  and  that  they  should  increase  in 
bulk  a/nd  in  number  westward ;  but  such  is  not  found  to  be  the 
case.  Again,  God  win- Austen  says,  under  the  supposition  that 
these  materials  may  have  been  derived  from  our  own  western 
districts,  it  is  necessary  that  all  the  different  rocks  above 
enumerated  should  occur  in  that  quarter,  and  he  goes  on  to 
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:argne  rather  ingeniously  how  they  may  have  come  from 
Normandy  and  Brittany  {Quart.  Jowm,  Geol.  Soc,  ziii.,  p. 
40,  etc.). 

In  his  paper  on  the  raised  beaches  of  the  south  of  England, 
Prestwich  seems  to  imply  that  foreign  rocks  do  not  occur  in 
the  raised  beaches  east  of  Brighton.  West  of  it,  in  the  raised 
beach,  he  found  pebbles  and  worn  blocks  of  foreign  rocks, 
which  consisted,  inter  alia,  of  light  grey  and  red  granites, 
light  red  syenite,  red  porphyry  (decomposed),  dark  grey 
felstone,  greenstone  (decomposed),  mica  schist,  white,  grey 
and  red  quartz,  olive-green  slaty  rock,  white  and  grey  quartz- 
ite  pebbles,  dark  and  light  green  sandstones,  red  and  grey 
•calcareous  sandstones,  compact  brown  sandstones,  fissile 
micaceous  sandstones,  light-coloured  limestones,  brown  shales 
an  ooUtic  rock,  an  earthy  yellow  lime  rock,  chloritic  chalk, 
dark  yellow  chert,  black  chert,  ragstone  (lower  greensand) 
and  jasperoid  flint  (op.  cit.,  p.  269).  Mr.  W.  J.  Abbot,  F.J.8., 
claimed  to  have  found  that  some  of  the  quartz  specimens 
were  ice-scratched. 

"  Over  the  plain  between  Worthing  and  Pagham,  in  addi- 
tion to  the  pebbles  of  foreign  rocks  commonly  found  as  far 
as  Brighton,  large  boulders  of  similar  rocks  are  met  with  in 
considerable  numbers.  Near  Bamham  farm  there  was  a 
few  years  ago  a  block  of  fine-grained  red  granite  measuring 
two  and  a  half  feet  by  one  and  a  half.  Occasional  blocks 
occur  in  the  direction  of  Chichester,  but  it  is  at  and  around 
Pagham  harbour  that  the  foreign  boulders  are  found  in 
greatest  number  and  of  largest  size."  On  Hayling  Island  large 
boulders  are  common  on  the  coast,  and  many  are  to  be  seen 
in  the  farmsteads  and  at  the  cross-roads.  In  1875  Prestv^ich 
found  here  specimens  of  fine-grained  granite,  red  granite, 
syenite,  porphyry,  diorite,  white  quartz  rock,  light-coloured 
micaceous  sandstones,  light  red  sandstones,  hard  chalk  drilled 
by  annelids,  freshwater  Umestone  (upper  tertiary)  and  fossil 
wood  (Portland  beds).  Most  of  the  blocks  were  angular  or  sub- 
angular  ;  some  few  were  smooth  and  looked  ice-worn ;  but  he 
adds  he  saw  no  definite  markings.  They  are  often  met  with 
in  trenching  and  draining  at  a  depth  of  from  one  to  four  feet. 
They  may  vary  in  weight  from  a  half  to  six  tons.  The  two 
largest  blocks  he  saw  were  of  sandstone,  and  measured  respect- 
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ively  6  feet  10  inches  x  6  £eet  x  2  feet  4  inches  and  5  feet  x 
5  feet  2  inches  x  2  feet  7  inches  (this  last  was  very  angular). 
On  one  mile  of  shore  he  counted  as  many  as  thirty  blocks  of 
various  sizes  and  materials.  They  must  originally  have  been 
even  more  numerous,  for  of  late  years  a  large  number  have 
been  gathered  together  in  the  grounds  of  Westfield  House, 
while  many  have  been  broken  up.  He  adds  that  he  had 
been  much  interested  in  a  specimen  of  fossil  wood  like  that 
of  Portland,  twenty-six  inches  long  by  fourteen  in  width, 
which  was  shown  him  at  the  vicarage ;  it  seemed  to  him,  he 
adds,  at  the  time  almost  conclusive  evidence  of  the  direction 
from  which  the  boulders  came.  Smaller  pieces  had  also  been 
found.  The  Bev.  O.  Fisher  mentions  a  similar  discovery  at 
Selsey  (see  Qeol.  Mag.,  1871,  p.  524;  Prestwioh,  op.  oil.,  p. 
273).  Fisher  says :  ''  That  erratics  from  the  Portland  beds 
have  found  their  way  into  Sussex  I  believe  to  be  a  fact,  for 
I  saw  in  1866  a  block  of  indubitable  Portland  fossil  wood  at 
Selsey,  in  the  garden  of  Mrs.  Pullinger.  I  was  informed  it 
had  been  found  on  the  beach  at  that  part  of  the  shore  called 
'  The  Park '.  The  block  was  eighteen  inches  long  and  ten 
inches  in  diameter  **  {op.  oiL,  pp.  524,  625).  He  quotes  this 
as  a  proof  that  the  boulders  came  from  the  west.  A  few  feet 
beneath  the  surface  and  under  the  drift  and  boulders  marine 
shells  (OstrcBa,  Cardium  and  LUtorina)  are  said  to  have  occurred 
(Prestwich,  ibid.,  p.  273). 

The  furthest  point  westward,  according  to  Prestwich,  that 
the  boulders  have  been  traced  is  Portsea,  though  pebbles  of 
the  old  and  crystalline  rocks  are  to  be  found  beyond. 

In  discussing  the  origin  of  the  foreign  boulders  in  the  raised 
beaches,  Prestwich  argues  that  the  straits  of  Dover  were  open 
and  not  closed  when  these  boulders  were  deposited,  and  he 
connects  the  boulders  of  Sussex  with  the  boulders  mentioned 
by  Captain  Martin  as  existing  off  Bamsgate,  and  assigns  both 
to  an  ice-bearing  current  from  the  North  Sea.  In  regard  to 
the  pieces  of  fossil  wood  already  mentioned  which  have  been 
derived  from  Portland,  he  says  he  has  seen  similar  wood  on 
the  Boulonnais,  although  not  on  the  coast,  and  he  quotes, 
from  Dr.  Fitton's  description  of  that  district  as  follows : — 

'^The  Une  of  the  cliff  from  Equihen,  on  the  south  of 
Boulogne,  to  Cape  Grisnez,  on  the  north  of  that  place,  ia 
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•capped  at  intervals  with  a  thin  crust  of  the  Purbeck  strata, 
resting  upon  those  of  Portland,  and  consisting  of  slaty  beds 
of  limestone  which  contain  freshwater  shells,  and  include 
a  bed  of  tough,  dark-coloured  clay  in  which  are  numerous 
fragments  of  sUidfied  coniferous  trunks  not  distinguishable  from 
those  of  the  Isle  of  Portland'*  {Tram.  Oeol.  Soo.  (1836),  2nd 
series,  iv.,  p.  326).  Prestwich  argues  that  the  fossil  wood 
may  consequently  have  come  from  the  French  coast  or  from 
the  Vame  and  Bidge  shoals  (ibid.,  p.  297). 

Our  next  authority  is  Mr.  C.  Beid,  whose  paper  on  the 
pleistocene  deposits  of  the  Sussex  coast  contains  many  in* 
teresting  and  important  facts. 

Beid  says,  very  properly,  that  it  is  always  necessary  to 
discriminate  between  true  erratics  and  ballast  or  other  stones 
derived  from  wrecks,  and  he  accordingly  hmits  his  list  to 
boulders  actually  found  fixed  in  the  clay.  He  was  also  the 
first  to  describe  in  detail  the  boulders  of  softer  rocks  as  well 
as  the  more  primitive  ones.  Of  those  at  Medberry  he  gives 
the  following  list : — 

Bembridge  Umestone  from  Bembridge  Lodge,  Isle  of  Wight. 

Bognor  rock  from  Bognor  Lodge,  greywethers,  some  pro- 
bably not  carried  far. 

Upper  chalk  flints,  upper  greensand,  probably  from  the 
Isle  of  Wight. 

PalaBOZoic,  consisting  of  sand,  pale  green  and  reddish  sand- 
stone, greenstone  and  muscovite  biotite  granite. 

From  other  deposits  he  mentions  Bognor  rock,  grey- 
wether  sandstone  (sometimes  large  blocks),  greensand  chert 
{small  pebbles),  hard  purple  grit,  felsite,  felspar  porphyry, 
diorite,  greenstone  granite;  coarse-grained  gneissose  biotite 
in  the  Selsey  mud  deposits,  coarse-grained  biotite,  fine- 
grained biotite,  containing  large  porphyritic  crystals  of  white 
orthoclase,  homblendic  biotite,  or  possibly  quartz  mica 
diorite. 

Beid  says  the  first  thing  that  strikes  one  is  the  pre- 
ponderance of  erratics  from  known  localities  not  more  than 
twenty  miles  from  Selsea,  and  he  says  that  previpus  writers 
do  not  allude  to  the  occurrence  of  characteristic  Isle  of  Wight 
rocks ;  and  he  continues :  "It  now  appears  that  the  granitoid 

rocks  are  in  a  small  minority,   and  that  the  bulk  of  the 
II.  10 
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material  comes  from  the  Isle  of  Wight  and  the  Sussex  coast,, 
and  that  the  rarity  of  these  when  exposed  is  due  to  their 
having  weathered  and  decayed  ".  Among  the  various  boulders 
described,  one,  probably  weighing  over  two  tons,  is  remarkable 
as  showing,  according  to  Mr.  Beid,  signs  of  glaciation.  It  ia 
striated  on  one  face  and  smooth  on  the  other,  and  consists 
of  Bognor  rock  full  of  Pectunculus  brevirosiris  and  Voluta 
denttdata,  and  is  irregularly  scored  and  striated. 

He  goes  on  to  describe  a  surface  marked  by  pits  or  basins 
cut  in  the  eocene  beds  on  the  foreshore.  These  detached  pits 
were  from  two  to  six  feet  across.  Four  out  of  five  of  tiiese 
pits  contained  only  gravel  and  a  few  valves  of  BcUanus  and 
rare  fragments  of  marine  moUusca.  The  others  each  con- 
tained an  erratic  block  whose  upper  surface  was  generally 
flush  with  the  general  level.  Some  of  the  softer  blocks  were 
broken  and  splintered,  and  their  angular  fragments  were 
slightly  separated  by  gravel  or  fossiliferous  eocene  clay. 
These  pits,  he  argues,  were  made  by  the  erratics  fixed  in 
ground  ice.  He  expressly  says  that  no  furrows  ploughed  in  the 
clay  were  noticed.  Besides  these  boulders  at  Medmerry 
farm,  others  were  seen  at  West  Wettering  also  embedded  ia 
eocene  clay. 

Whatever  the  explanation  of  the  origin  and  transport  of 
these  stones,  it  seems  clear  to  me  they  prove  that  the 
Thames  is  not  the  southern  boundary  of  great  erratics  of 
primitive  rock,  and  that  if  an  ice-sheet  is  necessary  to  explain 
the  similar  boulders  further  north,  it  is  arbitrary  to  ex- 
clude these  southern  stones  from  its  operation.  I  shall  have 
more  to  say  on  this  point  later  on.  My  present  purpose  i& 
merely  to  show  that  the  statements  about  the  southern 
frontier  of  the  erratics  are  mistaken. 

Before  we  pass  to  another  class  of  boulders,  namely,  the 
Sarsen  stones,  I  would  mention  an  individual  discovery 
which  has  a  special  interest  of  its  own. 

Mr.  Elsden  says :  "  Not  a  single  instance  has  been  noticed 
of  the  occurrence  of  foreign  boulders  upon  the  surface  of  the 
Wealden  valley  itself,  but  I  procured  a  moderately  large 
granite  boulder  from  the  summit  of  the  chalk  escarpment, 
and  exactly  upon  the  600  feet  contour  of  Eilhurst  Hill. 
The  occurrence  of  the  boulder,"  he  says,  ''is  so  remarkable 


The  Greywethers  and  their  Lesson,  147 

that  it  merits  a  more  detailed  description.  The  mass  weighed 
between  five  and  six  pounds,  and  had  an  irregular  shape,  with 
a  rough  surface  destitute  of  any  signs  of  scratching  or  poUshing 
by  ice  action.  When  broken  it  exhibited  the  structure  of  a 
moderately  coarse-grained  granite,  with  an  abundance  of 
pink  and  white  felspar  and  small  grains  of  quartz.  .  .  .  The 
section  bears  a  strong  resemblance  to  a  specimen  of  Peterhead 
granite  in  my  cabinet."  He  concludes,  very  judicially,  ''  that 
the  finding  of  a  granite  boulder  on  the  summit  of  the  chalk 
escarpment  may,  if  confirmed  by  other  similar  discoveries, 
considerably  modify  existing  ideas  respecting  the  physical 
condition  of  the  area  during  the  glacial  period  "  {Quart.  Joum. 
GeoL  Soc,,  1887,  pp.  649  and  666). 

Those  who  have  limited  the  distribution  of  the  erratics  to 
the  coxmtry  north  of  the  Thames  have  overlooked  the  Sarsen 
stones,  or  greywethers,  which  seem  to  me  to  be  as  much 
boulders  as  any  other  large  travelled  blocks,  and  which  have 
been  foxmd  in  the  same  beds  as  the  crystalline  boulders  at 
Portsea,  Hayling  Island,  etc.  (see  James,  Edin.  Oeol.  Soc.,  ii., 
p.  156).  The  importance  of  the  Sarsens  in  regard  to  the 
argument  I  am  at  present  urging  induces  me  to  devote  some 
space  to  these  stones,  on  which  my  old  friend  Prof.  Bupert 
Jones,  F.B.S.,  has  written  an  exhaustive  monograph,  from 
which  I  shall  freely  quote.  The  first  notice  of  them  which  he 
refers  to  is  from  Bichard  Symond's  Diary  of  the  Marches  kept 
by  the  Boyal  Army,  published  by  the  Camden  Society.  There: 
we  read:  "Tuesday  (Nov.  12th,  1644),  .  .  .  to  Marlingsborough,. 
where  the  King  lay,  .  .  .  the  troops  to  Fyfield,  two  myles 
distant,  a  place  so  full  of  a  grey  pibble  stone  of  great  bigness 
as  is  not  usually  scene ;  they  breake  them,  and  build  their 
houses  of  them  and  walls,  la3ring  mosse  betweene,  the  inhabi- 
tants caUing  them  Saracens'  stones;  and  in  this  parish,  a 
myle  and  a  halfe  in  length,  they  lye  so  thick  as  you  may 
goe  upon  them  all  the  way.  They  call  that  place  the  Grey- 
weathers,  because  a  far  off  they  looke  like  a  flock  of  sheepe  **" 
{ihid,,  p.  161).  In  Aubrey's  History  of  Wilts,  written  about 
1656-84,  he  speaks  of  "the  grejrwethers  which  lye  scattered 
all  over  the  downes  about  Marlborough,  and  incumber  the 
ground  for  at  least  seven  miles  in  diameter,''  and  says^ 
farther,  "these  downes  look  as  if  they  were  sowen  with 
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great  stones  very  thick,  and  in  a  dusky  evening  they  iooke 
like  a  flock  of  sheep,  from  whence  it  takes  its  name.  One 
mighlf  fancy  it  to  have  been  the  scene  where  the  giants  fought 
with  huge  stones  against  the  gods."  Elsewhere  he  says: 
"  I  have  mett  of  this  kind  of  stone  sometimes  as  far  as  from 
Christian  Malford,  in  Wilts,  to  Abindon,  and  on  the  downes 
about  Boyston,  etc.,  as  far  as  Huntingdon,  are  here  and  there 
those  Sarsden  stones''.  In  the  Marlborough  Corporation 
book  for  1673  we  have  an  entry,  ''Paid  for  two  loads  of 
Sarazen  stones,  8d." 

There  has  been  some  discussion  as  to  the  name  *'  Sarsen" 
stones.  Some  will  have  it  the  word  is ''  Saracens' "  stones,  i.0., 
heathen  or  pagan  stones,  and  Long  urges  that  on  the  continent 
"  Sarrasin  "  is  commonly  given  to  any  roads  and  buildings  of 
Celtic  or  Boman  construction  and  not  Christian,  while  Bristow, 
who  supports  the  contention,  sayi^  that  in  some  parts  of  Eng- 
land "  Saracen  "  simply  means  foreigner,  and  in  Cornwall 
large  heaps  of  refuse  from  the  mines  are  known  as  "  attle 
Saracen,"  or  rubbish  heaps,  left  by  the  Saracens. 

Others  have  urged  that  the  word  is  really  ''  Sasen  "  or 
''  Sassen,"  the  plural  of  zts^  Anglo-Saxon  for  a  stone,  and 
connected  as  a  root  with  the  Latin  taoid,  Mr.  Adams  again 
urges  that  the  name  is  derived  from  the  Anglo-Saxon  «ar 
(grievous,  troublesome ;  Scotch  ^air)  and  <km,  a  stone,  from 
their  causing  much  trouble  to  those  who  first  cleared  the 
ground.  Others,  again,  have  suggested  that  the  name  is  a 
place  name.  There  is  a  village  Sarsden  in  Oxfordshire,  three 
and  three-fourths  miles  from  Chipping  Norton,  while  Sarson, 
or  Sarsden,  is  a  tithing  of  Andover  in  Hampshire. 

To  continue,  however.  ''  The  first  scientific  man  known 
to  me  who  referred  to  these  stones  was  WiUiam  Smith,  the 
father  of  English  geology,  who  deemed  them  the  harder 
portions  of  the  tertiary  strata  once  covering  the  chalk,  which 
were  left  behind  when  the  softer  portions  were  washed  away  " 
<MS.  note  of  Mr.  Long,  quoted  by  Bev.  A.  C.  Smith  in  hia 
Jfewioir,  p.  27).  In  1819  Greenough  wrote  of  them:  "The 
greywether  stones  so  plentifully  scattered  over  the  southern 
counties  of  England  are  evidently  derived  from  the  destruc- 
tion of  a  rock  which  once  lay  over  the  chalk  "  {Oritioal  Exammer, 
etc.,  p.  112). 


The  Greywethers  and  their  Lesson.  149 

Dr.  Buckland  writes  thus  about  them:  ''In  the  interior 
of  Dorset  and  in  the  counties  of  Wilts  and  Berks  the  surface 
of  the  chalk  ...  is  occasionally  strewed  over  with  enormous 
blocks  of  siliceous  sandstone,  the  wreck  of  strata,  ¥^ose  softer 
materials  have  been  entirely  washed  away.  These  blocks 
have  been  long  noticed  by  the  name  of  Sarsden  stones  and 
greywethers  on  the  downs  of  Wilts  and  Berks,  and  are 
particularly  abundant  near  Marlborough,  at  Eennet  on  the 
west,  and  in  Savemake  Forest  on  the  south-east  of  that 
town.  Near  the  former  place  they  cover  a  valley  almost  a 
mile  in  length  as  thickly  as  sheep  grazing  in  a  flock  (hence 
their  name  of  greywethers),  and  some  of  the  largest  of  them 
have  been  employed  in  the  druidical  temple  of  Abury,  at  the 
head  of  this  valley,  whilst  Savemake  Forest  has  probably 
supplied  the  gigantic  masses  used  to  form  the  pillars  of  the 
large  circle  at  Stonehenge.  The  valleys  called  Clatform 
Bottom,  Fifefield  Bottom  and  Lockridge  Dame,  near  the 
villages  of  Eennet  and  Overton,  are  also  strewn  abundantly 
vnth  blocks  of  the  same  kind ;  but  they  are  rapidly  diminish- 
ing, from  the  custom  which  has  of  late  been  extensively 
practised  of  splitting  them  with  a  heavy  hammer  after  being 
gently  heated.  This  practice  has  been  even  extended  to  some 
of  the  masses  that  once  formed  part  of  the  temple  of  Abury. 
.  .  .  Similar  blocks  of  sandstone  are  also  found  scattered  in 
great  abundance  over  the  chalk  valleys  at  Ashdown  Park  on 
the  south-west  of  Wantage.'' 

Mantell,  in  his  Oeology  of  the  South-east  of  England,  speaks 
thus  of  these  curious  stones  :  *'  Immense  blocks  and  boulders 
of  sihceous  sandstone,  composed  of  granular  quartz,  and 
occasionaUy  enveloping  chalk  flints  and  other  extraneous 
bodies,  he  scattered  over  the  downs,  and  on  the  ploughed 
lands  near  Brighton,  Falmer  and  other  places.  This  sand- 
stone is  perfectly  analogous  to  that  which  occurs  in  Berkshire 
and  Wiltshire.  The  cement  of  the  beautiful  conglomerate 
or  pudding-stone  of  Hertfordshire  agrees  in  its  character 
with  the  druid  sandstone,  and  from  that  breccia  also  occurring 
in  detached  blocks  above  the  chalk  it  is  now  generally  sup- 
posed that  they  are  both  of  contemporaneous  origin;  the 
siliceous  deposition,  when  it  did  not  envelope  any  foreign 
substance,  forming  the  rock  called  the  greywethers,  and,  when 
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it  fell  among  pebbles  of  any  kind,  composing  a  breccia  or 

'*  The  padding-stone  is  exceedingly  rare  in  Sussex,  bat  speci- 
mens sometimes  occur;  and  several  examples  have  been 
found  in  the  vicinity  of  Newhaven  that  could  not  be  dis- 
tinguished from  the  Hertfordshire  breccia. 

**  Examples  of  the  siliceous  sandstone  may  be  seen  on  the 
hill  near  Lewes  racecourse,  at  Bormer,  in  Stanmer  Park 
and  on  the  ploughed  lands  near  Hogsgrove  farm.  At  Falmer 
the  pond  that  supplies  the  village  with  water  is  surrounded 
with  large  blocks,  and  there  are  a  considerable  number  in 
Stanmer  Park,  the  seat  of  the  Earl  of  Chichester,  and  also 
around  Brighton.  These  boulders  are  of  various  sizes,  some  of 
them  exceeding  nine  feet  in  length ;  their  colour  is  either  white 
or  of  different  shades  of  grey  and  reddish-brown ;  their  texture 
is  subcrystalline ;  the  whole  varieties  when  recently  broken 
much  resembling  lump  sugar.  In  a  few  instances  they 
enclose  chalk  flints  slightly  worn  and  small  fragments  of  a 
dark  green  substance,  the  nature  of  which  is  unknown."  ^ 

Boulders  of  druid  sandstone  also  occur  in  the  shingle  bed 
and  calcareous  deposit  at  Brighton,  and  may  be  observed 
lying  on  the  sea  shore  in  considerable  numbers  after  a  recent 
fall  of  the  cliffs.  Upon  comparing  the  sandstone  of  Stone- 
henge  with  that  of  Sussex  no  perceptible  difference  can  be 
detected ;  and  in  this  county  as  well  as  in  Wiltshire  it  has 
been  employed  by  the  earUer  inhabitants  as  landmarks  to 
denote  the  boundaries  of  towns '  and  villages  or  to  commemor- 
ate the  site  of  battles ;  as  sepulchral  stones  to  perpetuate  the 
memory  of  their  chiefs,  and  as  altars  on  which  to  sacrifice 
to  their  gods.  No  regular  stratum  of  the  druid  sandstone 
has  yet  been  discovered  in  this  country,  and  its  geological 
position  is  still  undetermined  {op.  cit,  pp.  48-50). 

Prof.  Bupert  Jones  says  of  the  Sarsens:  ''These  large 
stones  are  spread  about  the  country,  especially  in   Kent, 

^  Prof.  Rupert  Jonea  suggestB  that  it  may  be  glauconite. 

'  **  The  frequent  ocourrence  of  large  smooth  blooka  of  atone  on  the  boandarj 
line  of  villages  and  parishes  in  the  south-east  part  of  Sussex  must  have  been 
noticed  by  many  of  my  readers.  A  large  boulder  of  druid  sandstone  placed 
at  the  comer  of  Ireland's  Lane,  in  St.  Anne's  parish,  forms  the  western 
boundary  of  the  borough  of  Lewes.  Similar  stones  are  not  unfrequent  in  the 
large  tumuli  on  the  downs ;  several  may  be  seen  near  Lewes  racecourse." 
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Surrey,  Berks  and  Wilts.  They  lie  thickly  in  some  places, 
especially  a  Uttle  to  the  west  of  Marlborough,  and  are  thinly 
scattered  elsewhere  among  the  heather  of  the  downs  and  the 
grassy  herbage  of  low  groonds  or  peeping  out  on  arable 
fields.  They  often  he  along  hedgerows,  where  they  have 
been  hauled  and  left  by  the  farmer.  Many  have  been  buried 
out  of  the  way  of  the  plough.  Hundreds  were  formerly  to 
be  seen  about  the  country  in  cromlechs,  standing  stones  and 
ancient  circles ;  but  of  these  comparatively  few  now  remain. 
Not  unfrequently  Sarsen  stones  are  found  in  the  gravel  beds  of 
the  surface.  Being  the  only  durable  stones  in  some  districts, 
innumerable  blocks  have  been  used  as  stepping  6tones  in 
brooks  and  wet  lanes ;  as  border  stones  for  ponds ;  as  comer 
stones  along  roads  and  village  streets ;  as  foundation  stones 
in  churches,  bridges,  houses,  barns  and  outbuildings;  as 
building  stones  in  large  and  small  edifices,  castles,  churches, 
houses,  cottages  and  various  walls.  Enormous  quantities 
have  been  broken  up  for  making  and  mending  roads,  also  for 
paving  and  gate  posts.  The  art  of  breaking  and  destroying 
the  very  largest  has  been  long  known  and  freely  used,  namely, 
by  Ughting  narrow  streaks  of  firewood  across  a  block  and 
pouring  cold  water  on  the  heated  hues,  and  then  bringing 
the  sledge-hammer  into  play  on  the  pieces.  So  also  a  Une  of 
shallow  pits  chipped  across  the  surface  gives  a  line  of  weak- 
ness for  breakage.  * 

"  When  exposed  on  the  downs  these  stones  are  often  grey 
with  lichen,  and  their  own  colour  varies  from  brown  to  a 
yellowish  tint  and  grey.  In  shape  they  are  more  or  less 
quadrangular,  longer  than  broad,  and  much  broader  than 
thick.  They  may  be  plain  and  smooth  or  undulating  and 
irregular,  with  hollows  on  the  surface;  one  face  is  usually 
flatter  than  the  other.  They  often  occur  broken  in  two  with 
a  sharp,  clean,  straight  fracture  across  their  length." 

I  will  now  refer  to  some  of  the  most  remarkable  of  these 
stones  described  by  Prof.  Jones. 

On  the  north  side  of  the  Kennet,  in  a  valley  near  Marl- 
borough, is  a  conspicuous  block  thirteen  feet  long,  ten  feet 
broad,  seven  feet  thick,  containing  about  850  cubic  feet  and 
weighing  about  fifty-seven  tons.  ''This  looks  Uke  a  small 
hut  at  a  distance*'   (Whitaker).     At  Avebury  (Aubury  or 
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Abury),  in  the  great  circle,  is  one  of  these  stones  sixteen  feet 
high,  and  estimated  to  weigh  sixty-three  tons.  One  in  the 
''Eennet  Avenue"  is  twelve  feet  high,  six  and  a  half  feet 
broad,  and  three  and  a  half  feet  thick. 

Lord  Pembroke,  Stukeley  tells  us,  estimated  ''  the  general 
weight "  of  the  stones  at  Avebury  ''  at  aboat  fifty  tnn,"  and 
some  were  thought  to  be  seventy  tons  (Dr.  Stephen  Hale). 
One  of  the  small  circular  sets  is  said  to  have  had  a  stone 
twenty-one  feet  high.  In  a  commonplace  book  of  Dr. 
Stukeley  we  read  *'  west  of  Abury  is  another  entrenchment 
set  with  stones,  one  whereof  makes  the  end  of  a  bam  ". 

At  Stdnehenge  the  outer  Sarsens  mostly  stand  twelve  feet 
seven  inches  out  of  the  ground,  and  are  about  six  feet  broad 
and  three  feet  six  inches  thick,  about  273  cubic  feet  in  con- 
tents and  seventeen  tons  in  weight.  The  imposts  are  about 
ten  feet  long,  three  feet  six  inches  broad,  and  two  feet  eight 
inches  thick.  The  highest  stone  at  Stonehenge  is  computed 
to  measure  under  twenty-five  feet,  while  a  large  stone  which 
stood  at  Avebury  a  few  years  since  is  said  to  have  weighed 
ninety  tons. 

The  famous  cromlech  in  Kent,  known  as  ''Kit's  Coty 
House,"  is  a  Sarsen  ;  so  is  the  well-known  "  Blowing  Stone  " 
at  Kingston  Lisle,  at  the  foot  of  Uflington  Downs,  in  Berk- 
shire; so  is  the  "King's  Stone,"  or  "Coronation  Stone," 
at  Kingston-on-Thames,  on  which  it  is  traditionally  said  so 
many  of  the  Anglo-Saxon  kings  were  crowned.  Mantell 
tells  us  how  these  boulders  were  once  used  as  sepulchral 
stones.  Beneath  one,  near  Brighton  Church,  an  urn  with 
human  ashes  was  found  by  the  Bev.  J.  Douglas,  F.S.A. 

An  immense  block  of  this  kind  is  situated  in  Hove  parish, 
near  the  Shoreham  road,  and  is  vulgarly  called  "  The  Gold- 
stone,"  from  the  British  col,  or  holy  stone.  Near  is  a  dilapi- 
dated cirque  of  the  same  kind  of  stone,  and  on  a  farm  opposite 
are  two  dilapidated  kistvaens  formed  of  sincdlar  materials, 
and  on  each  side  of  the  British  trackway  leading  to  the 
Devil's  Dyke  blocks  of  the  same  kind  are  to  be  seen  (Mantell, 
Gtol,  of  S.E,  England,  p.  60,  note). 

The  variety  of  material  of  which  they  are  constructed, 
in  some  instances  worn  or  unworn  flints,  in  others  pebbles, 
forming  pudding-stone,   in  others,   again,   fine   ferruginous 


Origin  of  the  Sarsens.  153 

grit,  shows  that  aJmost  any  material  formed  the  roagh 
substance  of  the  stones  when  brought  in  contact  with  the 
cementing  material.  This  agglutinating  matter  was  very 
pure  silica. 

The  cement  of  the  beautiful  pudding*stone  of  Hertfordshire 
agrees  in  its  character  with  the  druid  sandstone,  and  it  is 
agreed  they  are  contemporaneous.  When  the  siliceous  deposit 
did  not  envelop  any  other  substance  it  formed  greywether 
sandstone  and,  when  it  fell  among  pebbles,  pudding-stone. 
Pudding-stone  is  very  rare  in  Sussex,. but  it  has  occurred 
near  Newhaven  quite  like  that  of  Hertfordshire,  with  all  the 
edges  rounded.  Some  occurs  in  the  shingle  bed  at  Brighton, 
and  may  be  seen  on  the  shore  after  a  recent  fall  of  the  cliff 
(ManteU,  Oeol.  of  S.E,  England,  p.  48). 

In  regard  to  the  flinty  conglomerate  of  which  some  of  the 
Sarsen  stones  are  formed,  we  are  told  in  the  catalogue  of  rock 
specimens  in  the  Museum  of  Practical  Geology  that  in  many 
instances  the  same  block  furnishes  an  example  of  both  struc- 
tures, one  portion  consisting  of  sandstone  and  another  of  con- 
glomerate, occurring  with  a  well-defined  Une  of  separation 
between  them.  It  has  been  remarked  by  Mr.  Aveline  that  the 
majority  of  the  Sarsens  about  Lambourne  have  a  thickness  of 
about  two  feet,  as  if  they  had  come  from  one  and  the  same  bed 
of  sandstone.  He  says  he  noticed  a  similar  correspondence  in 
the  general  thickness  of  the  stones,  many  hundreds  in  number,, 
covering  the  bottom  of  one  of  the  valleys  to  the  west  of 
Marlborough. 

Mr.  A.  C.  Smith  says :  "  Many  persons  from  seeing  these 
Sarsens  conjugated  in  the  lower  part  of  the  valley,  as  in  the 
bed  of  a  stream,  conclude  that  they  belong  exclusively  to  the 
valleys ;  but  this  is  a  mistake.  To  see  them  in  great  abund- 
ance one  should  visit  the  hills  above,  where  large  districts  of 
the  downs  are  thickly  studded  by  them  "  (Arch,  of  W,  Wilts,. 
p.  134). 

Let  us  now  turn  to  the  question  of  the  origin  and  age  of 
these  stones.  Unfortunately,  as  I  have  said,  none  of  them 
contain  any  fossil  remains  except  roots  of  trees,  the  species  of 
which  is  not  distinguishable,  and  we  have  to  decide  the  matter 
on  other  groxmds.  The  question  has  been  examined  at  great 
length  and  with  much  skill  by  Prof.  Prestwich,  F.E.S.,  Mr. 
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W.  Whitaker,  F.G.S.,  Sir  A.  C.  Eamsay,  P.R.S.,  Mr.  Aveline, 
Prof.  Rupert  Jonea,  Mr.  O.  Fisher  and  others. 

Mr.  Osmond  Fisher,  speaking  of  some  of  the  Sarsens  which 
are  found  near  the  village  of  Broadmayne,  five  miles  from 
Dorchester,  tells  us  they  are  there  found  embedded  in  a  fine 
sharp  white  sand  which  envelops  them.  There  they  are 
evidently  in  situ,  and  illustrate  the  position  that  they  are 
merely  the  hardened  concretionary  portions  of  the  sand  bed. 
Where  we  find  them  uncovered  and  bare  and  lying  about  on 
the  downs  they  have  clearly  been  washed  out  of  this  sandy 
matrix  by  some  denuding  force.  Everyone  now  seems  to 
•agree  that  the  grey  wethers  are  derived  from  eocene  beds  which 
have  been  denuded  and  removed,  and  have  left  their  harder 
concretionary  parts  behind  in  this  way.  The  only  polemic 
which  has  arisen  has  been  as  to  what  particular  horizon  in 
the  eocene  series  they  represent,  some  authorities  favouring 
the  theory  that  they  have  been  derived  from  the  Bagshol 
sands  of  the  middle,  and  others  from  the  Reading  and  Wool- 
wich  beds  of  the  lower,  eocene  beds.  Others,  again,  as  it 
seems  most  reasonably,  derive  them  from  both  these  series  of 
beds,  for  both  in  the  Reading  beds  and  in  the  Bagshot  series 
we  find  sands  which  have  in  certain  places  been  consoli- 
dated into  concretionary  masses  by  the  infiltration  of  silica, 
and  in  both  series  .also  there  seem  to  be  pebbly  pudding- 
stones  as  well  as  sandstones.  As  Prof.  Jones  urges,  the 
eocene  beds  thin  out  as  we  travel  westwards,  and  not  far 
west  of  Marlborough  Forest  the  Woolvnch  and  Reading 
beds  as  well  as  the  London  clay  and  its  basement  bed  all 
disappear,  and  consequently  the  Bagshot  series  must  have 
lain  directly  on  the  chalk  just  where  the  greywethers  occur 
in  the  greatest  number.  Hence  these  blocks  near  Clatford 
are  most  probably  the  concretionary  sandstones  of  the  Bagshot 
sands.  In  Berks  the  Sarsens  for  the  most  part  were  also 
derived  from  the  Bagshot  beds,  though  some  may  have  come 
from  the  outcropping  edges  of  denuded  Reading  beds.  In 
Surrey  the  Bagshot  series  were  surely  their  source,  for  they 
lie  on  surfaces  200  feet  and  more  above  the  Reading  beds 
below.  In  Kent,  Middlesex  and  Hertfordshire  the  Woolwich 
and  Reading  beds  were  the  more  prolific  sources  of  these 
blocks.     Sarsens  are  very  often  found  in  the  patches  and 
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j>ocket8  of  sand,  brick-earth  and  gravel  on  the  chalk  (as  near 
Wycombe,  Nobles,  Napple  Common,  Walter's  Ash,  Denman 
Hill,  Bryant's  Bottom,  Hampden  Eow,  etc.),  also  in  the 
Marlborough  railway  cutting  at  Inkpen  and  many  other 
places.  Sarsens  are  particularly  abundant  in  the  gravel  of 
the  Kennet  valley  near  Newbury,  and  are  usually  then 
much  eroded  and  worn.  ''.These  materials  are  the  remnants 
of  tertiary  beds  once  lying,  perhaps  thick,  on  the  chalk, 
together  with  some  of  the  flint  of  the  denuded  chalk  itself. 
On  Basrbury  Down  (and  probably  elsewhere)  occasionally  a 
green-coated  flint,  peculiar  to  the  lowest  stratum  of  the 
Woolwich  and  Beading  beds,  may  be  picked  up,  showing  that 
these  beds  contributed  some  of  the  alluvial  spoil  of  that 
region,  and  possibly,  as  far  as  they  reached,  some  of  the 
Sarsens"  (Jones,  Wiliz,  Mag.,  xxiii.,  p.  133). 

if^restvnch  derives  the  Sarsens  from  the  mottled  clays  and 
sands  overljring  the  chalk  known  as  the  plastic  clay  and  from 
the  Woolvnch  and  Beading  series,  the  sand  in  the  blocks 
being  precisely  the  same  as  the  sand  in  those  beds. 

Whitaker  attributed  the  blocks  Ijdng  on  the  downs  west 
-of  Marlborough  to  the  Bagshot  sands,  these  sands  having 
once  covered  the  chalk  there  where  they  extend  beyond  the 
Xjondon  clay.  In  further  evidence  he  says  he  had  found 
some  of  the  blocks  resting  on  the  London  clay  which 
intervenes  between  the  Bagshot  series  and  the  other  beds. 
The  Sarsens  abound  on  this  outside  edge.  They  contain  no 
fossils,  whereas  the  underlying  beds  are  sometimes  fossili- 
ferous.  He  agreed  with  Prestwich,  however,  that  some  of 
them  came  from  the  plastic  clay. 

The  question  of  the  exact  horizon  from  which  the  Sarsen 
stones  were  derived  is,  after  all,  an  unimportant  matter  for 
us.  It  is  enough  that  they  formed  part  of  eocene  beds,  and 
that,  as  the  geological  surveyors  say,  ''In  their  present 
-disjointed  state  it  is  clear  that  they  are  only  the  fragments 
of  a  stratum  which  had  a  very  wide  range,  and  which  there 
is  every  reason  to  beheve,  along  with  other  eocene  strata, 
spread  over  (what  are  now)  the  chalk  downs  of  the  west  of 
England  ".  Outliers  and  other  portions  of  lower  eocene  beds 
preserved  in  pot-holes  in  different  parts  of  the  chalk  district, 
sometimes  occurring  on  the  very  verge  of  the  chalk  escarp- 
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ment,  also  prove  that  these  strata  once  extended  over  broad 
areas  of  the  chalk. 

A  more  important  matter  for  us  than  the  original  fraoenamct 
of  these  Sarsen  stones  is  the  fact,  almost  universally  admitted 
by  those  who  have  examined  them,  that  whether  lying^ 
on  the  bare  downs,  or  embedded  in  brick-earths  and 
gravels,  they  are  not  in  stto,  but  have  been  drifted  away 
from  their  original  position  and  been  distributed  irrespective 
of  the  contour  of  the  country,  ».6.,  that  they  are,  in  fact,  true 
erratics. 

Mr.  Osmond  Fisher  speaks  of  certain  of  these  Saraens 
which  ''  have  been  carried  by  some  torrential  action  into  the 
deep  valleys  of  Porksham  and  Bridehead".  Prof.  Bupert 
Jones  speaks  of  Sarsens  generally  as  *'  having  been  subjected 
to  the  wear  and  tear  of  water  and  shingle  in  the  earUer  time 
of  the  denudation  of  the  parent  bed,  and  afterwards  possibly 
to  the  destructive  action  of  blown  sand  when  the  block  lay 
deserted  by  the  water,"  and  he  attributes  to  the  action  of 
water  the  fragments  of  Sarsen  stones  often  worn  into  bizarre 
forms,  and  frequently  reduced  to  mere  subangular  stones  in 
the  various  gravels  of  the  country,  the  smaller  fragments 
in  the  later  gravels  having  been  subjected  to  renewed  water 
action  again  and  again.  ''  In  both  sets  of  gravels,  both  that 
of  the  plateaux  and  that  of  the  valleys,  we  find  numerous 
Sarsen  stones.  .  .  .  They  are  broken  and  water-worn,  but 
those  in  the  low-level  gravel  to  a  much  greater  extent  than 
those  in  the  higher  gravel.  The  breaking  up  of  these  masses 
.  .  .  may  have  been  due  to  frost  (!  !  !  H.H.H.)  rather  than 
violence,  but  the  surface  bears  evidence  of  having  been  slowly 
worn  by  sand  and  pebbles  washed  over  them  persistently,, 
worrying  out  cup-shaped  hollows  and  tunnel-hke  holes, 
especially  where  small  trumpet-shaped  apertures  of  the  tubes 
due  to  congenital  root-marks,  or  the  ends  of  small  stems  on 
fractured  faces,  presented  depressions  suitable  for  the  erosive 
action  of  eddying  sand  and  water."  Again  he  says:  **The 
streaming  of  the  stones  along  the  valleys,  and  their  unequal 
distribution  along  their  sides,  suggest  that  the  currents  and 
tides  which  wore  away  the  old  tertiary  sand  beds  had  some 
influence  (aided  by  prevalent  winds,  storms,  and  perhaps  by  the 
floating  ice  of  a  frigid  climate)  in  shifting  the  blocks  themselves^ 
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and  leaving  them  more  in  the  hollows  than  on  the  hills." 
Again :  "  Doubtless  many  blocks  were  forcibly  moved  away 
from  their  parent  beds  and  knocked  about  as  the  strata  were 
denuded  at  their  edges  by  encroaching  waters.  In  the  gravel 
at  Crawley  or  Portisbury  Hill,  above  Camberley,  a  spur  of 
the  Frimley  ridges,  very  fresh  Sarsens  are  met  with.  The 
upper  Bagshot  sand  has  been  denuded  and  replaced  by  the 
high  level  ferruginous  flint  gravel ;  and  in  this  the  Sarsens 
lie,  their  mother-simd  having  been  removed  from  above  and 
around  them,  but  still  ahnost  in  contact  with  their  convex 
lower  face.  Sarsens  are  very  often  found  in  the  patches  and 
pockets  of  sand,  brick-earth  and  gravel  on  the  chalk,  and 
usually  are  there  much  eroded  and  worn." 

Dr.  Joseph  Stevens,  in  his  paper  on  Sarsens  in  the  Trortj- 
actions  of  the  Wilts  Society,  says:  ''Although  some  of  the 
Sarsens  are  unworn  and  untravelled,  others  show  signs  of 
rough  usage  from  swift  currents  of  long  duration,  as  they  are 
found  in  places,  as  on  Inkpen  Common,  drifted  in  amongst 
heterogeneous  materials,  derived  from  every  formation  in  the 
liondon  basin.  .  .  .  All  these  several  conditions  were  not 
accomplished  without  much  and  diversified  handling  on  the 
part  of  the  many  handmaids  employed  by  nature." 

Tertiary  boulders  closely  allied  to  Sarsens  occur  beyond  the 
district  where  the  latter  have  been  usually  noticed.  Thus  Mr. 
H.  Godwin- Austen,  in  describing  the  tertiary  beds  in  Devon- 
shire, speaks  of  a  stratum  of  considerable  thickness,  composed 
chiefly  of  angular  chalk  flints  with,  in  its  lower  part,  large 
tabular  and  angular  blocks  of  chert  and  sandstone  mixed  with 
sand,  as  found  on  Blackdown  and  its  ramifications,  resting 
occasionally  on  chalk,  but  oftener,  as  on  Haldon  and  Milber 
Down,  on  greensand.  It  Ues  on  a  very  uneven  surface,  as  is 
seen  on  the  coast  east  and  west  of  Sidmouth ;  the  depressions 
producing  the  rugged  outlines  being  either  troughs  or  deep  in- 
serted cones.  In  1836  he  says  he  examined  one  of  the  latter 
which  had  been  emptied  of  flints.  The  stratum  in  which  it 
occurred  was  a  very  compact  sandstone,  and  the  sides  of  the 
circular  pit  had  deep  concentric  grooves,  such  as  would  be  pro- 
duced by  the  circular  motion  of  the  materials  within.  Similar 
pits  have  been  noticed  on  the  surface  of  the  chalk,  and  are  veiy 
•common  in  that  neighbourhood.     They  cannot  be  attributed 
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to  the  action  of  acidulated  waters,  as  they  are  not  confined 
to  calcareous  beds ;  they  must  be  the  result  of  the  mechanical 
action  of  hard  substances  set  in  motion  by  water,  as  basins 
and  pits  are  now  forming  in  rapid  rivers.  This  bed  of  purely^ 
cretaceous  materials,  the  flints  coated  by  a  black  substance 
and  mixed  with  abundance  of  stoney  clay,  is  very  distinct  from 
the  overlying  waterwom  flints  and  pebbles  of  older  rocks, 
but  corresponds  exactly  to  the  lowest  tertiary  beds  elsewhere 
when  they  rest  on  chalk.  In  the  Bovey  valley  a  similar  bed 
underlies  the  pipe-clay  beds.  Other  portions  of  the  tertiary 
beds  once  extended  here.  Scattered  largely  over  the  surface 
of  all  this  district,  and  mixed  with  the  debris  on  the  hills,  are 
blocks  of  a  breccia  composed  of  angular  fragments  of  chalk 
flints,  cemented  together  by  an  exceedingly  hard  siliceous 
paste.  Besides  the  breccia,  there  are  large  slabs  composed* 
partly  of  similar  materials,  and  in  part  of  a  compact,  fine- 
grained sandstone ;  some  blocks  containing  only  an  occasional 
flint,  but  some  none  at  all,  in  which  case  they  are  mineralogicai 
greywether  sandstones,  and  may  probably  be  the  equivalents 
of  those  siliceous  masses,  warranting  a  presumption  that 
tertiary  deposits  once  extended  wherever  this  breccia  now 
occurs,  for  the  blocks  are  so  angular  that  they  cannot  be 
supposed  to  have  been  conveyed  from  a  distance.  The 
breccia,  with  its  accompanying  sandstones,  occurs  on  the 
Blackdowns.  It  is  very  common  in  the  valleys  about  Sid- 
mouth  ;  it  has  been  worn  into  rounded  boulders  and  pebbles 
in  the  great  valley  of  the  Exe ;  it  is  found  again  in  tabulflir 
masses  on  the  Haldons,  below  the  accumulation  of  more 
rounded  materials,  and  in  similar  angular  blocks  beneath  the 
pipe-clay.  A  very  large  block  serves  as  a  footbridge  over  a 
watercourse  near  Eingsteignton.  (See,  for  similar  blocks  in 
Dorsetshire,  Geol,  Trans.,  2nd  series,  iv.,  p.  4 ;  vi.,  pp.  448, 449.> 
In  two  deep  combes  excavated  in  the  chalk  west  and  south 
of  Blackdown  Hill,  viz.,  at  Bride  Bottom  on  the  west  and 
Portisham  on  the  south,  these  blocks  of  angular  breccia  are 
accumulated  as  thickly  as  the  greywethers  in  Clatford  Bottom, 
near  Eennet  on  the  Marlborough  Downs.  Their  abundance 
in  Bride  Bottom  has  led  to  its  being  called  the  valley  of  stones. 
This  bottom  forms  the  upper  extremity  of  the  vale  of  Bredy, 
where  it  contracts  into  a  deep  and  narrow  combe,  at  the  head 
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of  which  the  blocks  are  spread  over  a  space  of  several  acres, 
like  a  flock  of  sheep,  often  so  close  together  that  a  man  may 
leap  successively  from  one  to  another.  On  the  south  side  of 
Blackdown  is  another  collection  of  these  huge  blocks  of  the 
same  breccia  in  a  steep  combe  descending  the  chalk  escarpment 
into  the  village  of  Portisham.  In  the  village  itself  they  lie  so- 
thick  that  they  partly  obstruct  the  street,  and  sometimes  the 
walls  of  the  houses  are  planted  on  them.  In  the  street  at 
West  Lulworth  similar  blocks  lie  in  the  line  of  front  of  the 
cottages  and  are  built  into  the  waUs.  Eidd  mentions  a 
similar  collection  in  Berkshire,  near  Ashdown  Park,  on  the 
south  of  Swindon.  Although  these  blocks  have  been  entirely 
separated  from  the  matrix  in  which  they  were  formed,  they 
are  very  shghtly  rolled,  and  have  been  drifted  but  a  short 
distance  from  their  native  place  (f^eol,  Trcms,,  2nd  series,  vol.. 
iv.,  pp.  6,  6). 

This  will  suffice  to  show  how  widespread  the  Sarsens  are, 
and  how  clear  their  claim  is  to  rank  with  the  chalk  and  lias 
and  oolite  boulders  further  north  as  true  erratics. 

Since  the  above  was  written  Mr.  Bupert  Jones  has  pub- 
lished a  most  interesting  supplement  to  his  monograph  on 
Sarsen  stones,  containing  many  interesting  details  about 
them,  none  of  which,  however,  affect  the  arguments  above- 
used  (see  Bupert  Jones  on  Sarsens,  GeoL  Mag.,  1901,  pp.  1-3^ 
54-59  and  115-125). 

Having  considered  the  erratics  and  other  boulders  of  the 
south  of  England,  which  seem  to  me  to  necessitate  our 
postulating  that  whatever  distributed  the  similar  boulders  in 
the  north  also  played  a  part  in  distributing  them,  let  us  now 
turn  to  the  gravels  in  the  same  area.  These,  again,  have  in 
many  places  the  character  of  true  drift,  and  are  formed 
partiaUy  of  far-travelled  pebbles. 

Mr.  N.  Whitley,  in  describing  the  so-called  raised  beach 
and  cliff  boulders  in  Falmouth  harbour  and  the  drift  beds  on 
Plymouth  Hoe,  first  speaks  of  the  beds  at  Falmouth,  of  which 
he  says :  ''  The  whole  of  these  beds  are  unlike  in  their  struc- 
ture and  materials  to  those  of  a  sea  beach :  they  contain  no 
sea-shells  or  corals  or  relics  of  the  sea ;  on  the  contrary,  the 
sand  is  similar  to  river  sand,  and  the  upper  bed  in  which  the 
long  pebbles  and  fractured  stones  are  pitched  upright  in  the 
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loam  is  similar  to  that  exposed  in  inland  sections,  and  more 
particularly  to  the  '  head  '  over  glacial  deposits."  In  regard 
to  the  beds  at  Plymouth  he  describes  one  bed  as  containing 
''boulders  and  pebbles  in  a  confused  matrix  of  sand  and 
clay,  the  stones  mainly  quartz,  with  others  of  blue  grit, 
various  granitoid  rocks  and  pieces  of  limestone,  and  also  of 
patches  of  limestone,  rubble  and  clay,  with  patches  of  white 
and  red  siliceous  sand,  the  grains  of  which  under  the  micro- 
scope are  rounded.  .  .  .  The  beds  show  no  horizontal  bedding, 
but  lie  in  patches  on  the  upturned  broken  edges  of  the  lime- 
stone beds,  and  in  the  cavities  and  fissures  of  the  limestone. 
...  In  the  section  of  gravel  and  clay  large  and  small  pebbles, 
mixed  with  sand  and  finely  pulverised  clay,  have  been  carried 
on  together,  and  in  some  parts  the  mass  appears  to  have 
been  a  contorted  semi-fluid  slush.*'  Dr.  Moore  tells  us 
that  a  few  shells  {Patella  and  Bttcdnum)  have  been  found  in 
these  beds  at  Plymouth ;  and  recently  in  their  upper  part,  ten 
feet  below  the  surface  of  the  present  soil,  there  were  discovered 
bones,  teeth  of  elephant,  rhinoceros,  bear,  horse  and  deer,  the 
caudal  vertebrae  of  a  whale,  and  the  lower  valve  of  a  large 
oyster — proving  their  derivative  character. 

It  seems  clear  from  this  account  that  these  beds  are,  as  Mr. 
Whitley  urged,  really  drift  beds,  and  not  raised  beaches  at  all. 
The  pebbles,  as  he  says,  are  mainly  derived  from  the  district 
north  of  Plymouth. 

Mr.  Austen  cites  the  fact  of  the  abundance  of  chalk  flints 
uninjured  by  transport  or  attrition  which  crown  the  green- 
sand  hills  of  Haldon,  and  the  fact  that  the  high  lands  along 
the  coast  from  the  Exe  westward  present  a  very  uniform 
elevation  (the  dip  of  the  beds  being  in  the  same  direction  and 
at  such  angles  that,  proceeding  from  west  to  east,  we  en- 
counter a  constantly  ascending  series,  and  find  the  various 
divisions  smoothed  off  as  they  rise  to  the  general  surface  Une 
of  the  country),  as  evidence  that  the  chalk  formerly  extended 
over  portions  of  South  Devon.  The  greensand  has  its  surface 
furrowed,  on  which  surface  is  a  thick  capping  of  debris  {Geol. 
Trans.,  2nd  series,  vol.  vi.,  pp.  449-451). 

At  Petrockstow,  in  the  centre  of  Dartmoor,  is  an  isolated 
bed  of  Dartmoor  gravel  which  has  travelled  twelve  miles  from 
its  source.     This  has  been  identified  with  the  so-called  glacial 
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grayel  of  Bovey  Tracey.  Many  of  the  flints  in  Devonshire 
(at  Newton  Bushel,  near  Torquay,  the  gravel  is  100  feet  above 
the  sea),  as  well  as  some  greensand  gravel  on  the  opposite 
side  of  the  valley,  are  apparently  relics  of  a  mass  which  has 
floated  from  the  north  (G«oZ.  Uag.,  1878,  pp.  113-115). 

''In  Devonshire  and  Dorsetshire  the  chalk  with  flints," 
says  Mr.  Horace  Woodward,  "is  in  many  places  associated 
with  deposits  of  chert  detritus,  the  fragments  being  sometimes 
roUed  and  transported  to  a  distance  from  the  spots  where 
they  were  originally  formed.  The  flints  from  the  chalk  also 
are  sometimes  rolled  and  transported  to  positions  where  they 
could  not  have  been  worked  out  in  situ.  Mingled  with  these 
accumulations  we  find,  near  Yarcombe  and  other  places 
between  Honiton  and  Chard,  many  quartz  pebbles  and 
pebbles  of  hard  quartzose  grit  and  quartzite  which  are  evi- 
dently foreign  to  the  inmiediate  neighbourhood."  Mr.  Wood- 
ward urges  that,  if  not  relics  of  tertiary  deposits,  they  may 
have  been  introduced  during  the  glacial  period.  *'  Near  Tiver- 
ton," he  adds,  ''there  are  also  considerable  accumulations  of 
gravel  which  may  be  of  glacial  age." 

In  regard  to  the  gravels  and  sands  at  Bovey  Tracey,  the 
same  author  says :  "  The  deposits  consist  of  coarse  gravel 
and  sand  with  seams  of  clay,  and  the  stones  include  large 
blocks  and  pebbles  of  grit,  quartz,  flint  and  chert".  Mr. 
Pengelly  has  described  some  scratched  stones  found  at  Engle- 
bourne,  and  some  boulders  of  hard  micaceous  sandstone  met 
with  at  Waddeton,  near  Dartmouth  in  Bouth  Devon,  which  he 
argues  are  suggestive  of  glacial  action,  although  the  bouldera 
are  of  local  origin.  The  same  is  the  case  in  North  Devon,  at 
Saunton,  and  other  places  where  boulders  have  been  observed^ 

Mr.  Whitley  says:  "Other  pebbles  on  the  Hoe  (i.e.,  of 
Plymouth)  are  similar  in  structure  to  the  fine-grained  quartz- 
ite exposed  in  Gann  quarry,  and  the  most  perfectly  rounded 
pebbles  are  composed  of  hard  black  hornblende,  derived 
from  the  border  of  the  Dartmoor  granite.  These,  with  water- 
worn  and  angular  pieces  of  chalk  flints,  are  found  both  in  the 
gravel  beds  and  deep  down  in  the  fissures  of  the  hmestone. 
.  .  .  But  from  whence  came  the  chalk  flints  which  are  found 
both  in  the  diluvial  gravel  and  in  the  loam  which  fills  the 

fissures  of  the  limestone  to  a  depth  of  at  least  sixty  feet? 
II.  II 
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The  old  sormise  that  they  were  brought  to  onr  shores  as 
ballast  cannot  be  admitted  here.  Similar  pebbles  and  flakes 
of  flint  have  lately  been  found  by  Mr.  Francis  Burt,  F.S.A., 
on  Sladdon  Heights,  on  Maker  Hills,  in  the  neighbourhood 
of  Plymouth,  and  on  many  of  the  highest  tors  of  Dartmoor, 
and  their  wide  distribution  over  the  northern  parts  of  Devon 
and  Cornwall  has  lately  been  estabhshed.  Nor  can  we  stop 
here;  the  trail  of  these  fractured  flints  can  now  be  traced 
northwards  along  the  Welsh  coast,  over  the  Isle  of  Man, 
and  up  to  the  Mull  of  Galloway  in  Scotland,  and  also  up 
the  eastern  coast  of  Ireland  from  Ballytother  Bay,  near 
Cork,  to  their  native  home  and  birthplace  in  Down  and 
Antrim." 

In  regard  to  these  flints,  and  speaking  of  the  ancient  beach 
near  Braunton,  Prof.  Hughes  says :  ''An  examination  of  the 
flints  themselves  will,  I  think,  be  sufficient  to  justify  our 
dismissing  several  hypotheses  suggested  as  to  their  origin  and 
mode  of  transport.  They  are  not  flints  of  the  kind  used  by 
primeval  man  for  the  manufacture  of  implements. 

"  Their  numbers,  wide  distribution  and  constant  association 
with  ancient  deposits  at  various  levels  make  the  hypothesis 
that  they  were  accidentally  imported  quite  untenable.  They 
go  back  to  times  far  earlier  than  any  ships  that  carry  ballast. 
They  are  irregularly  iron-stained,  subangular  gravel  stones, 
not  flints  derived  directly  from  the  chalk. 

"  They  are  of  the  same  kind  as  those  common  in  the  high 
level  marine  deposits  of  Wales  (see  Quart.  Joum.  Oeol.  Soc., 
xciii.,  p.  83)  and  the  north  of  England,  and  occur  all  round 
our  western  coasts;  they  are  found  on  the  St.  David's 
plateau;  they  have  been  brought  to  me  by  Mr.  P.  J.  H. 
Jenkinson  from  the  gravels  that  occur  here  and  there  all 
over  the  Scilly  Isles;  they  form  part  of  the  great  gravel 
banks  of  unknown  age  that  lie  off  our  south-west  coast." 
Prof.  Hughes  identifies  them  in  date  with  the  well-known 
Moel  Tryfaen  and  St.  Asaph  gravels  of  North  Wales  (Quart. 
Jowm.  Oeol  Soc,,  1887,  pp.  662,  663). 

In  regard  to  the  flints  in  the  Scilly  Isles,  Mr.  Nicholas 
Whitley  says :  "  These  islands  are  wholly  composed  of 
granite,  being,  in  fact,  the  hilltops  of  a  large  granitic  boss, 
only  the  highest  parts  of  which  are  above  the  level  of  the 
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sea  ".  They  are  remarkable  for  having  abundantly  scattered 
over  their  surface  numerous  fractured  flints,  especially 
in  the  north  part  of  the  island  of  Tresco,  but  becoming 
fewer  on  ascending  the  slopes  of  the  hills.  On  the  highest 
part  of  the  island,  about  140  feet  above  the  sea,  only  a  few 
pieces  of  scattered  flint  are  found.  The  cross  section  of  the 
island  shows  flint  flakes  embedded  in  the  soil  from  one  to 
two  feet  deep,  and  some  as  deep  as  eight  feet,  where  a  few 
l&rge  flints,  with  waterwom  boulders  of  trap,  hornblende 
rock,  slate  and  grit  (all  rocks  foreign  to  the  district)  are 
mixed  with  the  local  detritus  of  the  islands.  Mr.  Whitley 
also  found  the  flint  flakes  in  the  islands  of  Bryer,  St.  Helen's, 
Tean  and  St.  Agnes.  They  could  not  have  been  brought 
in  chalk  ballast  and  spread  over  the  land  for  manure,  as  Sir 
Henry  De  La  B6che  has  suggested  of  flints  in  Cornwall,  for 
they  are  seen  imbedded  in  contorted  strata  of  drift  in  the 
section  of  the  chffs,  and  spread  from  shore  to  shore  on  un- 
fertile crofts,  and  he  suggests  that  with  the  other  foreign  rocks 
they  are  true  drift  (Whitley,  FJmt  Flakes,  etc.,  pp.  67-59). 
We  may,  perhaps,  carry  this  particular  line  of  drift 
further. 

In  a  paper  by  Mr.  J.  A.  Birds,  on  the  geology  of  the  Channel 
Isles,  he  speaks  of  much  of  the  surface  in  Jersey  and  Guernsey 
as  being  covered  with  clay  and  sand,  while  chalk  flints  occur 
on  the  coast.  In  the  south-east  of  Guernsey  the  deposit  he 
says  resembles  genuine  drift,  and  is  sometimes  200  and  300 
feet  from  the  sea. 

Iiet  us  now  turn  elsewhere.  Mr.  Horace  Woodward  says 
that  Mr.  Lucy  has  described  the  drift  gravel  of  the  Cotteswolds 
as  containing  fragments  of  greensand,  chalk  and  chalk  flint  in 
addition  to  more  abundant  fragments  of  older  rocks.  Thus 
an  isolated  hill  at  Limbury,  near  Hartpury,  in  the  vale  of 
Oloucester,  showed  eight  feet  of  gravel,  composed  for  the  most 
part  of  pebbles  of  quartzite,  with  fragments  of  silurian  and 
otiier  strata,  besides  eruptive  rocks,  with,  inter  alia,  rocks  from 
tiie  north  of  England.  On  the  Mendips,  says  Mr.  H.  Wood- 
ward, are  deposits  of  loam  and  clay,  with  here  and  there  a 
boulder  of  some  local  rock,  whether  old  red  sandstone  or  mill- 
stone grit,  whose  position  cannot  well  be  accounted  for  by  the 
action  of  rain,  rivers  or  the  sea.     Near  Watchet  and  Mine- 
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head  he  confesses  that  possible  evidences  of  glacial  actiott 
have  been  described. 

Turning  elsewhere  to  another  form  of  drift  gravel,  Dr. 
Eidd  calls  attention  to  the  existence  in  the  beds  of  gravel  upon 
which  Oxford  stands,  of  a  large  number  of  local  pebbles,  but 
mixed  with  these  are  found  pebbles  of  quartz  and  of  various- 
rocks,  none  of  which  is  known  to  occur  vnthin  a  distance  of 
fifty  miles  in  situ;  and  frequently  both  the  size  of  these 
foreign  fragments  is  larger,  and  their  degree  of  hardness 
greater,  than  those  from  the  native  strata  of  the  neighbour- 
hood. Thus  he  says  at  Bugley  Wood  and  on  a  part  of  Wytham 
Hill,  two  or  three  miles  to  the  west  of  Oxford,  there  is  & 
coarse  gravel  at  a  considerable  height  above  the  level  of  the 
surrounding  country,  many  of  the  masses  of  which  are  each  of 
several  pounds  weight,  and  apparently  derived  from  a  district 
abounding  in  compact  quartz  rock,  fine-grained  micaceous- 
gritstones,  and  obscurely  defined  compounds  of  hornblende 
and  felspar,  which  last  often  assumes  a  porphyritic  character. 
This  coarse  gravel  contains  few,  if  any,  fragments  of  the 
neighbouring  strata,  and  is  altogether  of  a  character  so 
distinct  from  the  gravel  of  the  plain  below  that  it  is  difficult 
to  suppose  the  two  are  parts  of  the  same  bed.  In  travel- 
ling from  Oxford  the  gravel  changes  with  the  subjacent 
strata,  being  chiefly  in  each  district  made  up  of  the  debris- 
of  the  strata  found  there.  He  says  he  had  made  the  same 
observation  in  Devonshire  and  in  South  Wales  {op.  cit.,  pp. 
161-163). 

In  1853  Trimmer  argued  that  three  sets  of  gravels  south 
of  the  Thames,  at  Horton  Hill,  Dartford  and  Rochester,  were 
proved  to  be  of  northern  origin  by  their  contents,  among 
which  he  specifies  the  Lickey  quartzite  pebbles ;  and  he  re- 
gards them  as  contemporaneous  with  the  rolled  gravels  and 
upper  erratics  of  the  country  north  of  the  Thames. 

Speaking  of  the  dispersal  of  this  gravel  vnth  quartzite 
pebbles,  Buckland  says :  '*  The  phenomena  are  in  perfect 
unison  with  all  the  other  cases  I  have  been  examining,  and 
show  the  effect  of  a  violent  rush  of  waters  from  the  north, 
which  has  drifted  pebbles  of  quartz  rock  from  the  plains  of 
Warwickshire  and  other  central  counties  over  the  whole 
country  intermediate  between  them  and  London,  and  has 
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mixed  them  np  in  each  district  with  the  angular  and  slightly 
rolled  detritus  of  the  adjacent  hills,  so  that  we  have  pebbles  of 
the  porphyry  and  greenstone  of  Chamwood  Forest  at  Abing^ 
don  and  Oxford,  and  pebbles  of  the  rocks  near  Birmingham 
at  Henley  and  Maidenhead  and  in  Hyde  Park  "  (op.  ci^.,  pp. 
198,  199). 

These  quartzite  pebbles  have  since  been  traced  very  widely 
in  the  gravels  and  surface  beds  of  south-eastern  England,  as 
far  even  as  Essex  and  Suffolk;  and  it  is  clear  they  have  spread 
sporadically  from  Lickey  Hill,  where  the  triassic  Bunter  con- 
glomerates occur  whence  they  were  derived ;  and  as  the 
pebbles  have  been  distributed  quite  independently  of  the  river 
valleys,  they  form  a  test-mark  showing  that  the  gravels  in 
which  they  occur  are  drift  gravels,  and  clearly  correlated 
with  the  other  drift  beds. 

Let  us  now  turn  to  the  so-called  hill  or  plateau  gravels, 
the  southern  drift  of  Prof.  Prestwich. 

It  is  the  fashion  with  those  who  have  chiefly  written  on 
the  southern  gravels,  and  whose  papers  are  monuments  of 
patient  work,  to  draw  a  more  or  less  sharp  distinction  between 
the  gravels  which  occur  on  the  plateaux,  the  so-called  high- 
level  gravels,  and  those  which  occur  lower  down,  which  they 
style  valley  or  low-level  gravels. 

The  two  kinds  of  gravel  they  discriminate  and  separate  on 
the  ground  of  their  position,  the  two  being  declared  to  be  of 
different  ages,  because  they  are  at  different  levels,  and,  be- 
cause of  those  at  a  low  level  being  supposed  to  have  been 
deposited  by  rivers,  they  cannot  well  have  been  laid  down 
contemporaneously. 

Mr.  Whitaker  remarks  that  many  of  the  masses  of  gravel 
in  the  district  adjoining  London  on  the  west  are  coloured  as 
glacial  on  the  drift  maps  only  as  a  matter  of  probability,  and 
admits  that  some  may  possibly  be  only  very  high  terrac(> 
river  gravel.  Mr.  Shrubsole,  also,  in  his  paper  on  the  valley 
gravels  about  Beading,  notes  that  there  is  a  difficulty  in 
making  out  a  clear  line  of  demarcation  between  the  river  and 
the  plateau  (i.^.,  glacial  gravel),  and  Mr.  Monckton  has  stated 
that  he  thinks  it  probable  that  the  higher  terraces  of  the  river 
gravel  were  contemporaneous  with  the  glacial  gravel  {J^roc. 
OeoL  Assoc.,  1895,  p.  28). 
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Mr.  Monckton  admits  that  the  division  between  the 
plateau  gravels  and  the  valley  gravels  is  an  arbitrary  one. 
The  same  pebbles  are  found  in  each  and  the  same  Saraen 
stones.  When  the  character  of  the  one  changes  the  other  does- 
so  too,  and  except  for  the  fact  that  they  are  found  at  different 
levels,  and  therefore  create  a  certain  a  priori  difficulty  for 
those  committed  to  certain  fixed  views  on  uniformity,  I  see 
no  reason  whatever  for  separating  them.  Nor  do  I  see  any 
reason  for  making  the  valley  gravels  derivative  from  and  sub- 
sidiary to  the  plateau  gravels,  as  Mr.  Monckton  does,  when  he 
says  that  *'  a  very  large  portion  of  the  valley  gravels  consist  of 
materials  mainly  derived  from  the  southern  drift ".  They  seem 
to  me  to  be  of  the  same  date,  laid  down  together  by  the  same 
widespread  impulse,  and  having  nothing  to  do  with  river  action 
at  all.     Upon  this  question  I  shall  have  more  to  say  presently. 

Mr.  White  remarks  on  the  fact  that  flint  implements  have 
been  met  with  in  both  sets  of  gravels,  and  adds  that  the  lower 
spreads  of  the  glacial  gravel  are  so  closely  related  to  the  river 
gravels  as  not  to  be  logically  separated  from  them,  while  their 
connection  with  the  higher  members  of  their  own  division  is 
certainly  no  less  obvious  {Proc,  Oeol.  Assoc,,  xiv.,  p.  11,  etc.). 
In  regard  to  the  changes  in  the  composition  of  the  southern 
gravels,  Mr.  Whitaker  remarks  how  the  sudden  way  in  which 
a  gravel  that  contains  a  large  number  of  northern  stones  gives 
way  to  another  that  contains  hardly  any  such,  but  a  large 
number  of  southern  ones,  is  remarkable,  especially  as  the  two 
gravels  occupy  like  positions  at  like  levels  {Quart,  Joum.  Geoi^ 
Soc.,  xlviii.,  p.  46).  This  shows  how  difficult  it  is  to  rely 
upon  the  character  of  the  stony  contents  of  gravels  which 
have  been  obviously  rearranged  and  drifted,  and  therefore  have 
their  contents  mixed,  as  tests  of  age  and  horizon. 

For  the  present,  then,  I  propose  to  unite  the  high  and  the 
low  level  gravels  in  one  class,  and  to  give  it  Prestwich's  name 
of  southern  drift.  Tbe  distinctive  features  of  this  southern 
drift,  as  defined  by  Mr.  Monckton,  who  knows  it  well,  are 
that  it  consists  mainly  of  materials  derived  from  the  Wealden 
area  of  Kent  and  Surrey,  the  chalk  country  to  the  north  and 
west  of  the  Weald,  the  eocene  formations  of  the  neighbour- 
hood and  older  gravels,  or  possibly  older  **  clay  with  flints  "  and 
surface  debris. 


The  Origin  of  the  Southern  Gravels.         167 

Mr.  Monckton  divides  them  into  three  classes:  the  first 
consisting  of  certain  patches  on  very  high  ground  along  the 
margin  of  the  Wealden  area  itself;  the  second  of  material 
derived  from  the  lower  greensand  of  the  Wealden  area  and 
extending  as  far  as  Strathfieldsaye ;  while  in  the  third,  which 
lies  west  of  that  place,  there  is  an  absence  of  such  materials. 

That  is  to  say,  Mr.  Monckton  unites  under  the  name  of 
southern  drift,  and  most  reasonably,  as  I  think,  gravels  whose 
composition  is  not  quite  uniform,  but  dependent  upon  the 
distribution  of  the  nether  beds  from  which  their  materials  have 
been  derived.  The  southern  drift  he  generally  identifies  with 
the  hill  gravel  of  uncertain  age,  coloured  red  by  the  geological 
surveyors. 

While  I  cannot  understand  the  rationale  of  separating  the 
high-level  and  low-level  gravels  from  each  other,  except  on 
arbitrary  grounds,  I  can  as  little  understand  on  what  principle 
Mr.  Monckton  separates  the  southern  drift,  or  so-called  plateau 
gravels  of  the  south  of  England,  in  date  from  those  gravels  he 
calls  glacial,  that  is,  the  gravels  with  quar  tzites.  Like  the  former, 
the  so-called  glacial  gravel  is  also  essentially  a  plateau  gravel, 
and  its  mode  of  distribution  is  precisely  hke  the  other  gravel ; 
like  it,  also,  it  consists  in  the  main  of  flint  pebbles.  Its  only 
distinguishing  mark  is  that  it  contains  a  varying  proportion 
of  red  and  grey  quartzites,  weighing  sometimes  as  much  as 
half  a  pound,  while  the  so-called  plateau  gravels  do  not; 
just  as  the  boulder  clay  of  Norfolk  contains  chalk  boulders, 
while  the  boulder  clay  of  Lancashire  does  not. 

Why  the  plateau  gravels  west  of  Strathfieldsaye,  which 
contain  neither  chert  nor  quartz  pebbles,  should  be  classed  as 
of  the  same  period  and  the  same  kind  as  those  further  east, 
which  contain  those  stones,  while  the  gravels  close  by,  only 
occurring  to  the  north,  should  be  deemed  to  be  of  an  entirely 
different  period,  because  they  contain  quartzites  smd  do  not 
contain  so  many  angular  flints,  is  very  puzzUng  to  me.  I 
believe  them  to  be  precisely  of  the  same  age  and  to  have 
been  distributed  by  the  same  force ;  the  only  difference 
being  that  being  in  a  different  locality  they  drew  their 
contents  partially  from  another  source. 

I  cannot  again  understand  upon  what  theory  these  gravels 
of  the  south  of  England  are  attributed  to  fluviatile  action. 
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There  is  no  river  in  the  south  at  this  moment  which  seems 
to  me  capable  of  rolling  a  rough  stone  into  a  pebble  or  of 
distributing  the  pebbles  when  rolled.  They  are  for  the  most 
part  slow,  sluggish  rivers,  which  nowhere  erode  their  beds, 
and  which  are  nowhere  running  on  the  rocks  themselves  out 
of  which  the  valleys  have  been  carved,  and  the  masses  of  soft 
deposit  in  which  they  flow  and  the  gravel  they  contain  in 
places  are  really  older  than  themselves.  If  they  shift  gravel 
at  all,  it  is  only  in  times  of  flood,  and  then  not  very  far.  Not 
only  so,  but  the  lower  terraces  and  plateaux  which  are  dis- 
criminated by  Mr.  Monckton  are  themselves  far  out  of  the 
reach  of  these  modem  rivers — a  fortiori^  the  higher  plateau 
gravels.  Mr.  Monckton  speaks  of  the  latter  as  the  gravels  of 
old  rivers  which  had  little  or  no  relation  to  our  present  river 
system,  whilst  he  says  ''the  gravels  of  the  valleys,  terraces 
and  varied  plateaux  are  the  work  of  rivers  having  some, 
though  often  a  distant,  relation  to  those  now  in  existence". 
I  cannot  understand  what  he  means.  It  is  assuredly  im- 
possible to  beheve  that  since  these  surface  gravels  were  laid 
out,  the  country  has  been  everywhere  turned  so  topsy-turvy 
that  the  whole  drainage  has  not  only  been  revolutionised, 
but  that  rivers  flowed  where  the  very  highest  ground  now 
is.  The  way  in  which  the  gravels  are  distributed  shows  very 
plainly  that  the  contour  of  the  country  was  then  very  much 
what  it  is  now.  They  cap  the  hills  and  plateaux,  but 
they  are  also  found  flanking  the  valleys  in  places;  and  it 
seems  to  me  that  they  show  very  plainly  that  they  were 
distributed  after  and  not  before  the  contour  of  the  country 
was  settled. 

I  hold  very  positively  that  these  gravels  with  their  asso- 
ciated sands  and  Sarsen  stones  are  the  disintegrated  debris 
of  great  stretches  of  tertiary  beds,  whose  disintegration 
was  not  the  work  of  rivers  but  of  some  widespread  and 
much  more  potent  cause,  which  swept  over  the  country  en- 
tirely neglectful  of  its  contour,  and  left  the  debris  it  carried 
along  at  different  heights  and  levels.  It  was  powerful 
enough  not  only  to  break  up  the  surface  beds,  but  to  carry 
along  the  great  Sarsen  stones  and  to  roll  them.  People  who 
call  in  ice  forget  that  these  stones  generally  have  their  angles 
rounded,  showing  that  they  have  not  been  only  carried,  but 
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rolled.  These  stones  are  many  of  them  also  broken,  showing 
the  violence  with  which  they  have  been  swept  along.  Thus,  in 
a  paper  on  Sarsen  stones  by  Colonel  Nicolls»  he  mentions  several 
angular  Sarsens  near  Southampton,  and  says  of  them : ''  None 
of  the  seven  stones  which  I  have  seen  smd  examined  are  in  the 
least  degree  scratched,  striated  or  rounded,  and  the  tortoise- 
shaped  one  at  Bishopstoke  and  the  dromedary  hump-shaped 
-one  at  Bevais  Castle  have  been  separated  from  their  parent 
rock  by  a  clean,  straight,  fresh -looking  fracture,  on  their 
greatest  diameter,  so  as  almost  at  once  to  suggest  the  action  of 
very  heavy  ice  (!!!)  as  the  disrupting  power  by  a  heavy  side 
blow,  the  Bishopstoke  example  affording  but  a  few  inches  of 
height  for  leverage  in  the  fracture  to  some  two  or  three  feet  of 
length  fracture."  Such  facts  as  these  are  assuredly  quite  in- 
■consistent  with  the  gravels  having  been  distributed  as  we  find 
them  by  rivera  These  gravels  are  in  fact  spread  over  the  coun- 
try irrespective  of  its  contour,  in  more  or  less  continuous  sheets, 
and  have  no  relation  to  any  present  or  possible  river  system, 
and  they  seem  to  me  as  clearly  continuous  in  conditions  with 
the  drift  beds  containing  northern  erratics,  on  the  one  hand, 
and  with  the  sheets  of  gravel  and  shingle  which  in  Suffolk  and 
Essex  and  Herts  have  been  classed  as  Westleton  beds,  and 
^which  contain  occasional  pieces  of  chert  and  quartzite  mixed 
with  the  flint  shingle,  on  the  other  hand,  as  may  be.  The 
main  difference  between  the  two  seems  to  me  to  be  that 
while  the  plateau  gravels  are  due  in  the  main  to  the  disinte- 
gration of  Bagshot  beds,  the  Westleton  drift  is  due  to  the 
disintegration  of  Beading  beds.  If  we  turn  from  the  Thames 
valley  to  the  district  fiurther  south  we  shall  have  the  same  story 
to  tell.  In  his  paper  on  the  Hampshire  and  Isle  of  Wight 
gravels  {Qttart,  Joum,  Geol,  Soc.y  xxvi.,  p.  536),  Codrington, 
writing  in  1870,  says :  **  Fragments  of  Sarsen  or  grey  wether 
sandstone  are  met  with  everywhere,  and  blocks  of  consider- 
able size  are  found  in  the  gravel  of  the  chffs  between  South- 
ampton Water  and  Gosport  and  near  Southampton  "  {Qriart, 
Jowm,  Geol.  Soc,^  xxvi.,  p.  535).  Some  of  the  Sarsens  occur- 
ring in  the  gravels  and  brick-earths  of  Surrey,  Berks  and  Wilts, 
and  not  unusually,  are  from  eighteen  inches  to  two  feet  square 
<Jcmm.  WUts,  Arch.  Soe.,  1886,  pp.  123-126). 

This  does  not  exhaust  all  the  drift  gravels  of  the  south  of 
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England.  There  still  remains  the  so-called  angular  drift,  or 
rabble  drift  of  Prof.  Prestwicb,  otherwise  called  "  head  **  and 
** day  with  flints". 

God  win- Austen,  I  believe,  first  used  the  term  ''  head,"  and 
explained  it  as  the  term  used  by  the  clay  diggers  for  the  hori- 
zontal layers  of  sand  in  the  upper  and  middle  valleys  and  a 
coarser  deposit,  often  thirty  feet  thick,  along  the  north-east  side 
of  them.  ' '  It  lies  on  the  pipe-clay.  The  materials  of  this  head 
are  angular  and  flattened  rather  than  rounded,  while  the  banks 
of  sand  are  like  those  found  in  estuaries.  The  bones  of  wild 
boar.  Ox  and  red  deer  are  found  in  the  superficial  sands  of 
the  Bovey  valley,  and  beds  of  peat  often  occur  below  the  head. 
These  bones  are  black  and  polished  like  those  found  in  rivers,, 
and  not  like  those  in  breccias  "  {jAM.,  pp.  439,  440). 

I  shall  have  a  good  deal  to  say  of  this  rubble  drift  in  a  later 
chapter.  At  present  I  would  limit  myself  to  affirming  the 
conclusion  which  I  fancy  is  now  almost  universally  held,  that 
it  is  not  the  result  of  the  diurnal  disintegration  of  beds  •»  <tte  ; 
nor  is  it  possible  to  conceive  how  it  could  be  laid  down  by  any 
river  under  any  conditions,  since  its  contents  are  not  rolled  but 
angular,  and  it  is  distributed  in  widespread  masses  over  great 
areas  quite  independently  of  the  valleys  and  hills.  In  regard 
to  this  conclusion,  I  will  quote  a  sentence  with  which  I  quite 
agree  from  a  shrewd  and  capable  geologist:  '^I  see,"  saya^ 
Mackintosh,  "  that  the  Bev.  O.  Fisher,  in  your  last  number, 
has  arrived  at  a  conclusion  in  support  of  which  I  have  been 
collecting  facts  during  the  last  eighteen  months,  namely,  that 
the  superficial  angular  debris,  earth  and  loam,  from  which 
our  slopes  and  hills  partly  derive  their  smooth  and  rounded 
forms,  is  not  principally  a  disintegration  in  situ,  but  has  been 
carried  or  driven  along  by  a  simultaneous  widespread  agency  " 
(Geo/.  Mag.y  iii.,  p.  575). 

The  view  that  this  drift  is  not  fluviatile,  but  the  result  of 
a  widespread  and  general  cause,  was  the  matured  conclusion 
of  the  two  geologists  who  devoted  the  greatest  pains  and 
time  to  its  elucidation,  namely,  Murchison  and  Prestwich. 

The  erratics  and  gravels  are  not  the  only  deposits  south  of 
the  Thames  which  resemble  the  so-called  glacial  beds  further 
north.  Mr.  J.  Shaw  was  shown  a  deposit  of  what  he  believed 
to  be  boulder  clay  at  Fremington,  near  Barnstaple,  and  he  ia 
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supported  by  the  Be  v.  W.  S.  Sjnuonds,  who  thinks  it  may  be 
a  glacial  till  like  that  at  Bovey  Tracey. 

This  deposit  of  brown  potters'  clay  at  Fremington  is  in 
places  forty  feet  thick  and  contains  boulders  of  igneous 
rocks.  The  terminal  curvature  of  the  slate  in  South  Devon, 
again,  has  been  attributed  by  some  to  the  effect  of  ice. 
Certain  accumulations  of  angular  detritus  and  stony  loam, 
termed  ''head,"  seen  along  the  coasts  of  Cornwall  and  parts 
of  Devon,  are  probably,  says  Woodward,  the  equivalents  of 
glacial  deposits  elsewhere  {Geology  of  England  and  Wales,  p.  493). 

Mr.  C.  W.  Peach  says  he  had  been  told  by  Dr.  Croll  that 
on  the  Cornish  coast,  near  Dodman's  Point,  ^t  a  height  of 
about  sixty  feet  above  the  sea  level,  he  found  the  rock  surface 
striated  and  ice-polished. 

Mr.  W.  C.  liucy,  in  the  Geological  Magazine  for  1874,  records 
finding  evidence  of  glaciation  in  the  form  of  rounded  rocky 
knolls  near  Minehead  in  Somerset,  and  a  bed  of  gravel  and  clay 
seventy  feet  thick,  which  he  deemed  to  be  boulder  clay,  and 
also  mentions  the  occurrence  near  Portlock  of  a  large  mass 
of  sandstone,  well  striated,  only  partially  detached  from  the 
parent  rock.  Mr.  H.  B.  Woodward,  in  the  same  number, 
mentions  Mr.  Ussher's  discovery  of  what  the  workmen  called 
''rum  stuff"  near  Yarcombe  in  the  Blackdown  Hills  of 
Devonshire,  which  on  investigation  proved  to  be  boulder 
clay,  and,  further,  that  it  was  not  an  isolated  patch,  but 
occurred  in  several  places.  Mr.  Moore,  in  a  paper  on  the 
drift  deposits  of  the  Bath  district,  describes  the  rock  surfaces 
as  grooved  with  deep  and  long-continued  furrows,  similar  to 
those  usually  found  on  glaciated  rocks,  and  concludes  that 
during  the  glacial  period  they  were  subjected  to  ice  action 
(Croll,  Clvmate  and  Time,  pp.  463,  464). 

These  phenomena  especially  abound  in  North  Devon. 

Let  us  now  say  a  few  words  about  the  loamy  deposits,  ».6., 
the  brick-earths,  etc.,  in  and  south  of  the  Thames  valley,  the 
equivalents  of  the  aUtmons  ancien/nes  of  the  French,  which  were 
once  deemed  to  be  river  deposits  in  situ.  I  have  in  a  previous 
chapter  shown  how  entirely  different  they  are  to  river  deposits^ 
and  their  contents  and  structure  prove  them  to  be  anything 
but  beds  in  sUu.  They  are  rearranged  and  drifted  and  have 
all  the  marks  of  an  external  impetus  having  acted  upon  them 
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that  we  find  in  the  boulder  clays.  They  are,  in  fact,  boulder 
formations  of  another  kind,  containing  numerous  and  large 
•erratics,  which,  instead  of  being  of  primitive  crystalhne  rocks, 
are  of  greywether  sandstone,  while  most  of  the  organic  remains 
they  contain  are  organic  boulders.  The  presence  of  northern 
stones  in  a  drift  bed  is,  as  we  have  seen,  quite  adventitious 
■and  accidental,  and  in  no  sense  an  ear-mark  of  a  true  drift. 

Of  these  beds  we  read :  '*  In  the  gravels  and  brick-earths  of 
Surrey,  Berks  and  Wilts  waterwom  Sarsens  and  more  or  less 
rounded  fragments  are  of  frequent  occurrence  ". 

This  is  assuredly  only  consistent  with  the  view  maintained 
by  Dr.  Joseph  Stevens,  in  which  he  concludes  that  the  drifting 
or  removal  of  the  Sarsens  from  the  original  sands  was  coeval 
with  the  formation  (say  deposition — H.H.H.)  of  the  brick- 
-earth  on  the  high  chalk  tracts. 

Mr.  H.  B.  Woodward  says  that  **  in  Hertfordshire  the  brick- 
•earth  and  boulder  clay  apparently  pass  one  into  the  other. 
There  is  no  evidence  that  the  brick-earth  and  gravel  are 
newer  than  the  main  mass  of  boulder  clay.  ...  I  found  it 
•difficult  to  draw  a  boundary  line  between  the  brick-earth  and 
the  occasional  remnants  of  boulder  clay.  In  any  case  the 
•evidence  strongly  favours  the  view  that  the  gravels  and  brick- 
earths  (with  grey  wethers)  belong  to  the  glacial  period."  He 
mentions  a  large  block  of  Hertfordshire  pudding-stone,  six  by 
four  feet  by  one  foot  four  inches  and  weighing  one  and  a  half 
ton,  from  the  gravels  of  Suffolk  {Greol.  Mag.,  1891,  p.  121). 
In  this  paper  Mr.  Woodward  describes  several  grey  wethers 
from  the  Thames  gravels.  The  brick-earth  in  some  places 
near  Hampden  and  Bradenham  in  Bucks  is  opened  up  for  the 
sake  of  obtaining  the  grey  wethers,  which  are  broken  up  and 
shaped  into  small  paving-blocks  largely  used  at  Aylesbury 
■and  other  places. 

At  Grays  the  fossiliferous  beds  are  covered  with  false 
bedded  sands  and  brown  clays,  in  which  no  fossils  have 
occurred.  These  false-bedded  sands  afford  evidence  of  con- 
stant change,  not  only  in  the  direction  of  the  currents,  but  in 
the  nature  of  the  material  deposited  and  the  absence  of 
organic  remains.  The  Sarsen  stones  occur  on  the  upper 
surface  of  a  bed  of  disturbed  chalk  above  the  solid  chalk 
{Oeol.  Mag.,  iv.,  p.  63). 
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It  is  curious  to  note  that  in  some  places  the  gravels  under* 
lying  the  brick-earths  contain  no  travelled  stones,  while  the 
brick-earths  themselves  abound  in  them  {Oeol,  Mag,,  ix., 
p.  159). 

Dr.  Hicks  says  of  these  beds :  "  Belt  has  demonstrated 
by  numerous  sections  the  similarity  in  the  character  of  the 
gravels  and  brick-earth  in  the  Thames  valley  with  the  glacial 
drift  found  at  Hendon,  Finchley,  Whetstone,  etc.,  in  Middle- 
sex, and  has  given  many  reasons  why  he  considers  they  should 
not  be  classed  with  ordinary  river  deposits.  We  examined 
many  of  the  sections  in  these  districts  together,  and  found  the 
glacial  deposits  mantling  the  hills  and  descending  the  slopes 
into  the  valleys  in  many  places  to  the  level  of  the  higher 
Thames  valley  implement-bearing  gravels.  Since  that  time 
I  have  had  opportunities  of  examining  many  fresh  sections 
on  the  plateaux  and  along  the  slopes  at  Kingsbury,  Hendon, 
Finchley,  Whetstone,  etc.,  with  similar  results,  proving  that 
the  main  features  are  due  to  the  underlying  irregular  floor  of 
liondon  clay.  Evidence  is  therefore  constantly  accumulating, 
tending  to  show  that  the  high-level  gravels  and  the  overlying 
brick-earth,  from  having  so  much  in  common  with  the  glacial 
drifts,  must  be  considered  as  belonging  to  the  glacial  period. 
They  are  found  on  comparison  to  have  little  or  nothing 
in  common  with  the  recent  deposits  in  the  Thames  valley, 
and  are  altogether  unlike  any  ordinary  river  accumulations. 
The  occurrence  of  an  unstratified  deposit,  containing  large 
stones  at  the  base  of  the  gravels  in  the  Thames  valley,  agrees 
so  exactly  with  the  conditions  witnessed  everywhere  in  the 
glacial  drift  at  Hendon  and  Finchley  that  one  is  incUned  to 
refer  this  deposit  to  a  very  early  place  in  the  glacial  period. 
It  is  in  reahty  all  that  remains  of  the  lowest  boulder  clay, 
and,  as  it  consists  mainly  of  local  materials,  it  may  be  con- 
sidered the  local  till.  In  the  Thames  valley,  as  on  the 
plateaux  in  Middlesex,  the  lowest  deposits  are  covered  by 
more  or  less  stratified  sands  and  gravels  (the  so-called  middle 
sands  and  gravels),  and  upon  the  latter  in  the  Thames  valley 
the  brick-earth  is  found  occupying  apparently  the  position  of 
the  highest  boulder  clay  in  the  other  areas.  Similar  condi- 
tions are  to  be  witnessed  in  the  valleys  and  plateaux  of  the 
adjoining  counties.      In  Hertfordshire  glacial  deposits  are 
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spread  out  over  extensiye  areas,  and  in  the  main  they  resemble 
those  which  occur  in  Middlesex  "  {TranB,  E&rt.  Nat.  Hist.  Soe.y 
v.,  p.  149,  etc.). 

In  another  paper  on  the  mammoth  remains  fomid  in 
Endsleigh  Street,  in  London,  Dr.  Hicks  describes  the  brown 
clay  with  "  race "  and  derived  shells,  covering  the  gravek 
with  mammoth  remains  in  these  London  beds,  as  answering 
to  the  glacial  beds.  He  says  of  this  clay  with  ''  race  "  that 
it  is  very  widespread,  and  is  met  with  at  different  levels  over 
most  of  the  undulating  plains  of  north-west  Middlesex.  At 
Finchley  it  underlies  a  great  thickness  of  chalky  boulder  clay. 
The  sand  and  gravels  below  the  clay  are  of  a  bright  yellow 
colour.  Large  flints  and  Sarsen  stones  are  occasionally  found 
in  the  gravel,  as  well  as  many  rounded  pebbles  from  the  tertiary 
beds,  but  the  majority  of  the  flints  are  subangular.  A  few 
pebbles  of  quartz  and  quartzite  are  found,  and  also  fragments 
derived  from  the  lower  greensand.  "  There  appear,"  he  con- 
tinues, ''  to  be  few,  if  any,  very  far-travelled  rocks  such  as  are 
present  in  the  uppermost  boulder  clay  a  few  miles  to  the 
north  "  (Quart.  Joum.  Geol,  Soc.,  1892,  pp.  466-468). 

Overlying  the  brick-earths  in  the  Thames  valley  and  the 
angular  drift,  and  also  capping  the  so-called  raised  beaches,  is 
a  fine  levigated  calcareous  marly  deposit,  corresponding  in 
position  and  texture  with  the  continental  loess,  and,  like  it, 
distributed  as  a  drift  deposit,  i.e.,  independently  of  the  contour 
of  the  country.  To  a  form  of  this  deposit  Mr.  O.  Fisher  has 
given  the  name  of  ''  trail ''.  He  describes  it  as  a  clayey  gravel 
and  sand  containing  phosphatic  nodules,  with  pebbles  of  very 
hard  rock,  much  rounded  and  often  a  foot  in  diameter.  It  con- 
tains no  fossils  and  is  unstratified ;  it  is  a  mixture  of  white  clay 
with  certain  debris  from  the  northern  gravels  and  the  green- 
sand.  How  were  these  ingredients  brought  together  ?  As  Mr. 
Fisher  says,  the  trail  occurs  in  places  in  which  rivers  have  never 
run  as  in  the  bottoms  of  dry  valleys.  It  seems  to  me  to  be 
only  another  and  a  last  link  in  the  chain  of  the  various  drifted 
beds  which  I  have  tried  to  describe;  and  which,  although 
composed  of  varying  materials,  are  bound  together  by  one 
supreme  fact,  namely,  that  they  have  all  been  carried  along 
and  drifted  from  their  original  site  probably  at  the  same  time, 
since  they  are  related  in  a  similar  way  to  our  great  indices  of 
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time,  the  organic  remains.  The  general  conclusion  I  would 
press  from  the  English  evidence  is  that  the  gravels  and 
brick-earths  of  the  southern  English  counties  containing  great 
flints  and  masses  of  Sarsens  and  organic  boulders,  such  as  vre 
have  described  from  the  boulder  clay  in  earlier  chapters, 
together  with  the  ''head"  and  ''trail,*'  are  as  much  true 
drift  as  the  boulder  clay  itself.  The  great  dominating  feature 
of  both  sets  of  beds,  which  unites  them  in  a  common 
olass,  is  the  fact  of  their  being  more  or  less  foreign  to  the 
actual  locality  where  they  are  found,  and  not  being  the  result 
of  disintegration  in  situ,  and  that  they  have  all  been  subject  to 
movement  more  or  less  considerable,  independent  of  the  con- 
tour of  the  country. 

Let  us  now  traverse  the  EngUsh  Channel,  and  shortly  con*- 
verge  our  attention  upon  the  surface  deposits  on  the  other 
^de.  They  are  virtually  a  continuation  of  those  on  our  oven 
side  of  the  water.  The  angular  or  rubble  drift  from  both  sides 
of  the  Channel  has  been  described  by  Prestwich.  The  valleys 
and  plateaux  of  Northern  France,  like  our  own,  are  occupied 
by  similar  gravels  and  brick-earths,  containing  great  masses 
of  Sarsen  stone,  palsdolithic  implements  and  the  debris  of  the 
same  extinct  fauna,  and  are  known  to  the  French  as  dihwvwm 
gris  and  diltmum  rouge. 

A  few  words  about  the  continental  Sarsens  maybe  acceptable 
to  some.  Long  ago  Cuvier  and  Brongniart,  in  describing 
the  valley  of  the  Seine,  spoke  of  the  loams  and  gravels  which 
carpet  it,  and  described  this  mantle  as  from  four  to  six  metres 
thick,  flmd  as  often  containing  blocks  of  sandstone  and 
menhirs  which  had  been  transported  by  forces  no  longer 
active  (Mems.  de  Vlnstitut,  1810,  pp.  234,  285).  Such  blocks 
are  not  found  in  the  valley  of  the  Marne  {ibid,,  p.  235). 

In  the  banks  of  diluvium  of  Saint-Gilles,  of  Moulin-Quignon 
and  of  the  Champ-de-Mars,  which  are  contiguous  and  form 
one  deposit,  we  often  meet  with  erratic  blocks  of  "  gris  "  of  a 
metre  in  diameter.  These  banks,  at  whose  feet,  thirty-three 
metres  below,  flows  the  Somme,  are  not  dominated  by  a  point 
whence  they  could  have  been  washed  down.  "  How  came 
they  here  if  they  were  not  thrown  up  by  an  upheaval.  We 
mast  conclude  they  were  swept  along  by  an  impetuous  torrent, 
and  even  before  the  valley  was  excavated,  unless  we  believe 
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the  Somnie  then  flowed  100  feet  higher  and  that  it  swept  then^ 
into  their  present  situation."  They  are  found  from  one  to  two 
metres  from  the  surface,  and  M.  Boucher  de  Perthes  tells  ua 
that,  like  the  druidical  monuments,  they  have  been  employed 
by  the  people  living  there  for  building  material.  These 
blocks  are  much  oftener  found  on  the  heights  than  in  the^ 
valleys.  They  are  common  at  Saint-Gilles,  Mouhn-Quignon 
and  the  Champ-de-Mars,  and  very  rare,  if  not  quite  unknown^ 
at  Menchecourt.  At  Moulin-Quignon  and  Saint-Gilles  they  do- 
not  occur  in  the  lowest  stratum,  but  generally  at  a  depth  of  one 
or  two  metres  below  the  humus,  or  in  the  upper  beds,  whence 
the  bones  and  objects  of  human  workmanship  are  absent. 

Lyell,  in  describing  the  brick-earths  of  the  Somme,  speaks- 
of  them  as  containing  masses  of  greywether  sandstone 
several  feet  long  and  generally  having  their  edges  unworn. 
He  argues,  I  think,  erroneously,  that  when  spherical  they 
owe  their  shape  to  an  originally  concretionary  structure 
and  not  to  trituration  in  a  river-bed.  These  French  grey- 
wethers  are  accompanied  by  broken  chalk  of  every  size^ 
from  a  fine  powder  up  to  fragments  as  large  as  a  man's^ 
head.  ''  Many  of  these  fragments  of  chalk,"  says  Dr^ 
Andrews,  *'  though  soft  enough  to  write  with  upon  & 
blackboard,  have  preserved  with  absolute  perfection  the  sharp- 
angles  and  edges  which  they  had  at  the  time  they  were 
broken  from  the  cretaceous  strata.  It  does  not  seem  pos- 
sible," he  adds,  ''  that  they  could  have  been  rolled  100  feet 
in  the  bed  of  a  stream  without  losing  their  sharpness." 

It  is  plain,  in  fact,  that  these  French  brick-earths,  with 
their  palsBolithic  stones,  mammoth  bones  and  Sarsen  stones,, 
are  portions  of  the  true  drift  which  occurs  in  so  many  different 
ways,  but  all  with  a  common  dominating  feature,  namely,, 
evidence  of  transport  by  other  than  normal  methods. 

The  existence  of  these  Sarsen  stones  in  France  is  very^ 
interesting  on  other  grounds,  as  it  proves  that  a  large  mass- 
of  eocene  strata  has  also  been  broken  into  fragments  there^ 
and  that  these  have  been  dispersed  in  the  gravels,  leaving 
hardly  any  trace  in  situ.  Similar  blocks  of  greywether  have 
been  found  in  the  gravels  of  the  Southern  Netherlands,  and 
a  large  number  of  them  in  the  Morvan  district  of  France^ 
(See  Potier,  Bull  Soc.  OM,  de  France,  1879,  p.  838,  etc.,. 


Continuity  of  Foreign  Drift  Deposits,         177 

who  shows  that  there  too  they  are  the  debris  of  disintegrated 
eocene  beds.) 

As  I  have  said,  these  blocks  occur  largely  in  the  widespread 
deposit  of  brick-earth  specifically  called  diluvinm  by  the 
French  writers,,  and  which  seems  unmistakably  on  the  same 
horizon  as  the  English  rubble  drift  and  brick-earth.  In  the 
case  of  this  diluvium,  the  loam  is  mingled  with  sharp-edged 
flints,  while  these  are  largely  absent  from  the  Ivmon  and  the 
ierrt  d  Imqwe,  properly  so  called ;  but  there  can  be  no  doubt 
that  the  view  generally  held  that  all  these  loamy  deposits  are 
on  one  horizon,  and  belong  to  one  epoch,  is  well  founded. 
They  are  all  marked  by  the  presence  of  the  same  land  shells, 
the  bones  of  the  mammoth  and  his  companions,  and,  more 
important,  by  the  more  specialised  works  of  primitive  man, 
and  their  difference  of  texture  can  be  easily  explained. 

The  diluvium  in  France  and  in  Belgium  and  the  brick- 
earths  in  South  Britain  agree  in  this  cardinal  factor,  that 
they  are  all  separable  into  two  well-marked  forms:  one 
stratum  bearing  all  the  marks  of  being  largely  in  situ  and 
rearranged  there;  and  the  second  stratum  being  not  only 
markedly  disturbed,  but  also  drifted. 

In  regard  to  the  diluvium  of  the  French  writers,  the  fact 
has  long  been  familiar.  One  form  of  it  is  known  as  diluvium 
gris^  v^hile  the  other  one  is  called  dUvAAvm  rouge.  For  a  long 
time  a  dispute  prevailed  among  French  writers  as  to  whether 
the  two  are  essentially  distinct,  or  whether  the  dilvmvm  rouge 
is  not  an  altered  and  sophisticated  layer  of  the  grey  diluvium ; 
its  rubificatuMj  to  introduce  a  French  phrase  of  M.  Vanden 
Broeck,  being  due  to  the  infiltration  of  water  containing 
acids.  The  best  opinion  now,  and  the  one  generally  held,  is 
that,  although  there  is  a  certain  difference  between  the  two 
strata,  the  pebbles  in  the  diVwovum  rouge  being  more  rolled 
than  in  the  other,  while  there  is  a  greater  scarcity  in  it  of 
those  mammalian  remains  which  characterise  so  richly  the 
diluvvum  gris,  nevertheless  there  is  a  complete  continuity 
between  the  two,  and  that  they  belong  essentially  to  one 
horizon. 

The  diluvium  gris,  with  its  numerous  remains  of  a  land 

fauna  and  abundant  land  shells,  represents  the  rearranged 

old  land  surface  upon  which  the  manmioths  lived,  which  is 
II.  12 


178  Ice  or  Water. 

largely  m  situ.  It  is  found  almost  entirely  in  the  vallejrB 
where  subaerial  deposits  are  naturally  developed  on  the 
largest  scale,  and  where  they  are  least  disturbed,  and  not 
distributed  over  the  high  ground,  where  such  deposits  are 
naturally  scarce,  and  where,  when  they  occur,  we  generally 
postulate  that  they  are  not  indigenous,  but  imported. 

The  d^Jiwcivm  rouge,  on  the  other  hand,  is  found  not  only 
covering  the  dUuvium  gris,  but  also  distributed  independently 
of  the  drainage  and  of  the  river  courses,  and  covering  the 
higher  ground  and  the  plateaux,  where  it  often  lies  immedi- 
ately on  the  subjacent  rocks.  In  Picardy  and  Northern 
France  and  in  Belgium  we  have  similar  conditions — in  the 
valleys  an  undisturbed  deposit  called  indifferently  dUumwm 
gris  or  diluvium  des  vallies ;  while  superimposed  upon  it,  and 
also  stretching  beyond  its  limits  far  away  over  hill  and  dale, 
exactly  like  the  diluvium  rouge,  we  have  the  mantle  of  surface 
loam  called  limon  de  Hesbaye,  limon  dee  plateaux,  etc.  M. 
d'Acy  has  written  a  most  elaborate  and  learned  essay  on  this 
deposit,  entitled  "Le  Limon  des  Plateaux  du  Nord  de  la 
France  ".  With  the  views  he  maintains  so  ingeniously,  and 
with  such  a  fund  of  evidence,  I  most  completely  agree.  He 
shows  that  this  '* limon"  is  perfectly  continuous  with  the 
diluvium  grie,  and  that  it  corresponds  precisely  with  the 
diluoium  rouge.  Meanwhile,  I  would  reaffirm  what  I  have 
.already  urged,  that  the  loamy  deposits  of  Western  and 
<]Sentral  Europe,  where  we  can  examine  them,  present  two 
distinct  forms  of  deposition.  One,  in  siPu,  but  disturbed, 
known  as  diluvium  gris,  diluvium  dee  vallies,  etc.,  equivalent  to 
the  lower  brick-earths  of  the  Thames  valley.  The  other, 
the  diluvium  rouge^  limon  des  plateaux,  upland  loam  or  trail, 
iiaving  all  the  appearance  of  being  greatly  disturbed  and 
drifted. 

In  regard  to  the  stratum  in  situ,  I  would  confine  myself  to 
one  argument  only  to  show  it  has  been  disturbed,  drawn 
from  the  discontinuous  nature  of  the  deposit.  If  there  had 
not  been  some  denuding  agency  at  work  on  a  large  and  wide 
scale  since  this  stratum  was  deposited,  we  should  assuredly 
have  found  it  still  remaining  in  a  continuous  layer  in  the 
valleys,  but  this  is  not  so.  Nothing  is  more  familiar  than 
the  disjunct  character  of  the  patches  of  brick-earth  which 
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are  found  in  ths  valleys  of  South  Britain.  The  same  is  the 
case  with  the  dilvmvm  gris  in  France.  These  patches  and 
local  seams  are  the  mere  renmant  which  has  not  been 
•denuded.  Let  us  now  turn  to  the  upper  stratum.  As  I 
have  said,  this  upper  layer  in  France  and  Belgium,  where  it 
is  known  as  dUuviwn  rouge  and  limon  des  plateanxy  is  spread 
over  the  whole  country  from  the  bottoms  of  the  valleys  right 
over  the  plateaux,  independent  of  the  local  drainage  of  the 
district.  It  is  very  ^ddely  distributed  in  France  and  Spain, 
and  sometimes,  like  the  loess,  is  found  in  deposits  of  con- 
siderable thickness.  It  has  been  found  overlying  the  sands 
of  the  Landes  near  Bordeaux,  and  also  in  the  neighbourhood 
of  Madrid,  in  Spain,  and  extending  over  the  plateau  of  New 
Oastile.  It  is  found  at  heights  varying  from  forty  metres, 
near  Paris,  to  660  metres  near  Madrid.  Elsewhere  it  is  also 
found  at  great  heights.  M.  Tardy  tells  us  he  met  with,  it  in 
1871  on  the  Col  del'  Eremo,  on  the  colline  of  Tumi,  at  a 
height  of  600  metres.  Afterwards  he  met  with  it  on  the  high 
plateaux  between  Le  Puy  and  Meude,  and  between  the  latter 
village  and  Saint-Flour,  at  points  800  metres  high.  He  tells 
us  further  that  it  contains  pebbles  with  their  edges  rubbed. 
This  widely  distributed  deposit,  occurring  thus  on  high  ground 
far  beyond  the  reach  of  any  possible  fluviatile  action,  apart 
altogether  from  the  river  drainage  of  the  country,  can  surely 
only  be  accounted  for,  like  the  similar  occurrence  of  the  loess, 
by  some  general  and  not  a  mere  local  cause.  There  is  no 
pretence  for  invoking  marine  action,  for  there  are  no  marine 
remains,  and  the  French  geologists  who  have  examined  the 
problem  have  been  compelled  to  accept  a  similar  explanation 
of  it  as  that  given  for  their  other  travelled  drifts.  This  view 
explains  at  once  why  we  should  find  diluvium  containing  no 
lime  spread  over  large  districts  where  limestone  is  the  pre* 
vailing  rock,  and  where  that  element  would  undoubtedly 
have  been  markedly  present  if  the  deposit  had  been  indigenous, 
and  the  product  of  the  mere  disintegration  of  the  subjacent 
strata  by  fluviatile  or  other  action,  and  not  transported  bodily 
from  some  other  locality  hke  a  true  drift  deposit. 

As  we  leave  the  north-eastern  parts  of  France  and  travel 
towards  its  central  districts  we  shall  find  the  diluvium,  which 
is  in  most  places  covered  with  a  layer  of  finely  levigated  loam- 
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like  loess,  becoming  more  and  more  loess-like  and  quite 
continuously. 

Let  us  i  now  turn  elsewhere  and  try  and  trace  the  con- 
nection of  the  northern  drift,  which  covers  the  larger  part 
of  Scandinavia  and  the  North  German  plain,  with  the  de- 
posits round  it  on  every  side,  and  which  are  more  or  less 
sharply  separated  from  it  by  orthodox  writers  on  the  so- 
called  glacial  period.  Here,  as  in  previous  pages,  I  wiU 
quote  the  views  of  those  who  have  established  a  claim  to 
be  heard  on  the  matter. 

The  so-called  glacial  beds  of  North  Germany  consist  of 
sands,  gravels  and  clays,  containing  in  places  marine  sheUs, 
and  also  erratics  derived  from  different  quarters.  As  we 
proceed  southwards  and  westwards,  the  more  crystalline 
and  far- travelled  erratics  become  less  and  less  numerous. 
The  notion  that  there  is  a  hard  and  sharp  line  which  limits 
and  bounds  these  erratics  is  no  longer  possible  to  maintain. 

In  recent  years  M.  Delvaux  and  others  have  traced  the 
existence  of  pebbles  of  Scandinavian  origin  to  the  western 
part  of  Belgium  and  even  over  the  French  frontier.  In 
Northern  Brabant,  also,  Deluc  long  ago  found  pebbles  of 
granite,  while  Winkler  described  a  large  foreign  erratic  from 
the  same  province.  This  last  stone  is  granite,  and,  according^ 
to  M.  Winkler,  weighs  about  7,000  kilogrammes,  and  is  buried 
in  the  earth  not  far  from  the  old  church  at  Oudenbosch.  It 
was  not  always  there,  but  was  originally  found  between  Ouden- 
bosch and  Oudgastel,  and,  having  been  mistaken  for  an  aerolite, 
it  was  called  ''  Dondersteen  ".  It  was  moved  about  1808.  It 
was  originally  planted  on  the  so-called  Zand  diluvium,  which, 
in  this  district,  is  free  from  pebbles,  etc.  M.  Lori^  has  found 
pebbles  of  granite,  porphyry  and  diorite  in  the  heaths  south 
of  Uden  and  Mill,  villages  situated  to  the  north-east  of  the 
railway  from  Boxtel  to  Wesel,  and  others,  on  the  way  from 
Eindhaven  to  Bladel,  in  gravel,  which  have  been  carried  as 
ballast  from  Arendonck,  near  Tumhout.  He  mentions  that 
in  the  diluvial  sand  at  Heymenberg,  near  Beenen,  in  the 
province  of  Utrecht,  no  pebbles  are  found,  but  only  large 
erratics  (Annales  de  la  Soc,  GSol,  de  Belg,,  xiii.,  1886,  p.  3,  etc.). 

While  the  northern  erratics  gradually  die  out  as  we  travel 
to  the  south-west  from  Oldenburg  and   Groningen,   their 
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place  is  not  taken  as  in  England  by  boulders  of  secondary 
rocks,  for  there  are  no  beds  in  this  district  whence  snch  stones 
conld  be  derived ;  but  we  merely  have  the  sandy  matrix 
remaining,  which  is  the  same  in  texture  and  appearance 
with  that  in  which  the  erratics  of  Germany  are  enclosed, 
and  which  is  largely  derived  from  the  disintegration  of  the 
Belgian  crag  beds.  In  regard  to  this  the  best  observers  are 
at  one,  and  I  will  quote  two  or  three  of  them. 

M.  !^lie  de  Beaumont,  speaking  of  the  parts  of  Germany 
and  the  Netherlands  bordering  on  the  North  Sea,  says : 
^'  Us  sont  des  pays  sablonneux,  formes  d'un  sable  quartzeux, 
16gerement  argileux,  dans  une  grande  partie  duquel  se  trouvent 
des  fragments  et  des  blocs  de  differentes  pierres,  par  exemple, 
des  silex  de  la  craie,  contenant  souvent  des  petrifactions  et 
des  pierres  primordiales  (granite,  etc.).  Ces  sables,  tres  r^pandus 
dans  I'Allemagne  septentrionale,  portent  le  nom  de  geest,  qui 
dans  le  langage  vulgaire  de  ces  contrees  d^signe  ce  terrain 
qu'on  trouve  dans  le  pays  de  Li6ge  et  de  Juhers,  dans  le 
Brabant,  la  Gueldre,  TOber-Yssel,  la  Westphalie  et  la  Basse- 
Saxe,  formant  le  sol  des  bruy^res,  et  qui  dans  cet  espace 
continu  couvre  les  montagnes  .aussi  bien  que  les  plaines ; 
c'est  la  le  sol  fondamental  de  ces  contrees ''  {Lefons  de  G^logie, 
etc.,  i.,  p.  255).  The  geest,  says  M.  d'Archiac,  occupies  also 
the  southern  part  of  Holland,  and  is  conterminous  with  the 
Oampinian  sands  that  stretch  into  Belgium. 

M.  d'Archiac  quotes  and  incorporates  another  passage  to  the 
same  eflfect.  "  In  the  geest,**  he  says,  "  the  boulders  of  northern 
rocks,  so  conmion  in  the  neighbourhood  of  Groningen,  do 
not  advance  further  south  beyond  Arnheim  on  the  Bhine, 
although  the  sand  in  which  they  are  enclosed  at  Groningen, 
and  which  is  the  prolongation  of  the  sands  of  Westphalia, 
crosses  the  Bhine  and  extends  as  far  as  Maestricht  and  into 
*  The  Campine  *  "  (Histovre  des  Progris,  etc.,  ii.,  pp.  142,  143). 

Dr.  H.  Vander  Capelle  says :  *'Les  observations  faites 
pr^s  des  escarpements,  sur  la  c6te  meridionale  de  la  Frise, 
nous  conduisent  &  conclure  que  le  sable  A  erratiques  (Ge- 
schiebesand),  la  couvertv/re  d' erratiques  (Geschiebebestreuung) 
et  le  Zand  dikmvm  doivent  6tre  reunis  comme  les  produits 
d'une  m6me  action,  ainsi  que  M.  Berendt  la  d^montre,  de 
m6me  que  M.  Martin  qui  a  fix^  Tattention  sur  ce  qui  s'est 
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pass^  dans  notre  pays  "  (BWI.  d^  la  SociSti  Beige  de  Geologic.^ 
iii.,  p.  252). 

According  to  Dewalque  {Prodrcme  d'une  description  GMogique 
de  la  Belgique,  p.  241)  the  Campinian  sands  extend  south  in 
Belgium  as  far  as  a  line  drawn  from  Dixmude  to  Maestricht^ 
by  way  of  Ypres,  Ciourtrai,  Oudenarde,  Alost,  Malines, 
Louvain  and  Hasselt.  He  concludes  that  they  are  the 
western  prolongation  of  that  great  sheet  of  sand  which 
stretches  north  into  Holland  and  is  prolonged  through 
Northern  Germany,  along  the  borders  of  the  Baltic.  In 
other  words,  the  ''  sable  Campinien  "  forms  part  and  parcel 
of  the  great  northern  drift  (see  Geikie,  Prehistoric  Europe^ 
p.  507,  note  1). 

''  It  appears  well  established,"  says  M.  Morlot  in  his  work 
on  the  geology  of  Belgium,  "  that  the  Campinian  sands  repre> 
sent  the  zand-diluvium  of  the  great  Baltic  plain  as  M.  Winkler 
has  shown  "  (op.  c«i.,  p.  294). 

Just  as  the  Zand  diluvium  and  the  Campinian  sands  are 
conterminous  and  continuous,  so  are  the  latter  apparently 
continuous  with  the  loamy  deposits  of  Belgium  and  Northern 
France. 

Hesbaye,  Brabant  and  Hainault  are  covered  with  a  mantle 
of  fertile  loam  known  as  limon  de  Hesbaye.  It  is  described  as 
yellow,  sandy,  stratified  and  calcareous  at  the  base,  and  con- 
tains numerous  shells  of  Succinea  oblonga,  Pupa  muscorum  and 
Helix  hispida.  In  its  upper  part  it  becomes  more  plastic  and 
adopts  a  deeper  reddish-yellow  colour.  Its  lower  part  ceases, 
to  be  calcareous  and  loses  its  stratification.  It  covers  all 
the  undulations  of  the  soil  with  its  mantle,  and  is  sometimes 
known  as  brick-earth,  and  is  clearly  formed  of  the  finer  and 
more  argillaceous  part,  which,  by  the  way,  is  here  called 
''ergeron".  This  loam  also  covers  the  diluvium  proper,  of 
which  I  shall  have  more  to  say  presently.  In  every  way,  there- 
fore, it  seems  to  answer  to  the  loess  of  the  German  writers. 

There  can  be  very  little  doubt  that  it  is  a  mere  prolonga- 
tion (on  the  same  horizon,  but  constituted  of  different  material8> 
of  the  Campinian  sands,  which,  as  M.  Mourlon  says,  take 
exactly  its  place  in  Limburg  and  Lower  Belgium.  Dumont 
also  treats  the  Campinian  sands  as  of  the  same  age  as  the 
limon  de  Hesbaye  (vide  Geol,  Mag,,  vii.,  p.  201). 
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Godwin-Austen  says  of  the  Campinian  sands  that  they 
OYerlie  a  surface  with  Elephcu  primigenius.  In  like  manner^ 
he  says,  the  loess  {limon  de  Hesbaye)  overlies  the  gravel 
beds  in  which  the  fragmentary  remains  of  the  great  pachy* 
derm  fanna  occur.  Both  are  subsequent  to  the  Ardennes 
pebble  beds.  The  occurrence  of  these  pebbles  at  the  base 
of  each  suggests  that  these  two  accumulations  are  of  the  same 
age,  and  such,  it  seems,  was  Dumont's  latest  view  {Quart. 
J  (mm.  Geol.  Soc,,  xxii.,  p.  250). 

M.  Erens,  in  his  Recherches  sur  les  Formations  Diluviennu 
du  Slid  des  Pays  Bas,  tells  us  how,  in  1881,  Berendt  {Die 
Sonde  in  Norddeutschen  Tieflande  und  die  dUuviaie  Abschmelz^ 
periode)  proved  a  real  passage  between  the  graveUy  and 
the  sandy  diluvium,  and  declared  the  latter  to  be  only  a 
phase  of  the  former.  He  says  that  towards  their  smnmit 
the  gravelly  deposits  become  finer  and  finer,  and  that  the 
coarse  gravel  thus  passes  into  a  fine  gravel,  and  this  into 
sand.  M.  Erens  tells  us  he  shares  the  view  of  Berendt,  and 
points  out  the  uniformity  of  the  phenomenon  and  its  wide- 
spread character,  which  shows  that  the  change  in  question 
has  not  been  due  to  mere  local  efforts,  but  to  widespread  ones ; 
and  he  gives  similar  lists  of  the  animals  whose  remains  have 
been  found  in  the  two  sets  of  beds,  to  show  that  they  are 
quite  synchronous  (op.  cit,y  p.  37).  On  the  other  hand,  he  says 
the  sandy  diluvium  is  clearly  synchronous  or  isochronous 
with  the  loamy  diluvium  and  the  loess  of  Limburg.  Hence 
he  unites  the  two  under  one  term,  ie.,  Diluvium  sablo-limoneyac. 
Here,  again,  he  caUs  attention  to  the  similarity  of  the  fauna 
in  the  two  sets  of  beds,  and  especially  to  the  existence  of  that 
test  animal,  the  mammoth.  Both  the  sandy  and  loamy  dilu- 
vium have  the  same  relations  with  the  gravelly  diluvium,  fill 
up  the  spaces  between  stretches  of  the  latter,  and  often  over- 
he  them.  They  both  contain  near  their  surface  great  erratics 
almost  identical  in  nature,  and  were  doubtless  distributed  by 
the  same  cause.  On  the  surface  of  the  sands  there  occur 
great  crystalline  Scandinavian  erratics,  e,g.,  at  Legge,  Basel, 
Oudenbosch,  Hoogstraeten,  etc.  At  Fauquemont  M.  Ehrens 
says  he  found  a  Scandinavian  "  augengneiss  '*  in  the  graveUy 
loam.  He  attributes  the  transport  of  these  stones  to  floating 
ice  at  the  end  of  the  glacial  period. 
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Taming  to  the  loess,  M.  Erens  gives  several  reasons 
in  addition  to  those  quoted  in  an  earlier  chapter  against 
treating  it  as  an  sBolian  deposit.  He  describes  the  ani- 
mal remains  in  it  as  inconsistent  with  such  an  origin. 
He  also  quotes  in  proof  of  the  same  conclusion  what  is 
more  directly  germane  to  the  contention  in  this  chapter, 
namely,  the  presence  in  the  loess  of  the  Low  Countries  of 
huge  erratic  blocks  of  different  origin — quartzites  from  the 
Ardennes,  white  quartz  from  the  Rhine,  greywether  blocks 
like  those  of  Fontainebleau,  which  appear  as  if  they  had 
been  rolled,  flint  from  the  district  itself,  conglomerates 
from  Bumot,  and  an  angular  block  of  Scandinavian  "augen- 
gneiss  "  ;  and  he  concludes  thus  :  '^  Le  diluvium  du  Sud  des 
Pays  £as  est  unique  avec  des  phases  diverses.  Gette  con- 
tinuity, cette  unit^  de  notre  diluvium  nous  Tavons  prouv^ 
par  quatre  arguments :  (1)  Par  la  faune,  qui  subsiste  dans 
les  diffSrentes  phases  diluviennes ;  (2)  Par  le  passage  r^ 
que  Ton  observe  dans  ces  phases  diffiSrentes;  (3)  Par  les 
courants,  qui  restent  les  m6mes  dans  ces  diff£rentes  phases ; 
<4)  Par  les  roches  cristallines,  qui  sont  &  pen  pr^s  des  m^mes 
provenances.  .  .  .  A  un  niveau  fort  variable,  non  determinable 
et  dependant  de  la  distance  aux  rivieres  et  des  hauteurs  qu'oc- 
cupent  les  graviferes,  on  distingue  dans  celles-ci  un  melange 
de  roches  d'origines  bien  diverses;  ardennais,  mos^ennes, 
rh^nanes,  beiges,  suedoises,  norv6giennes,  bretonnes  et  nor- 
mandes.  .  .  .  oofwoert  dans  le  Nordpar  le  dUvmum  Scandina/oe,  au 
Slid  par  le  loess  et  partout  aUlewrs  par  le  dUtmum  sahleux  *'  {BuU. 
de  la  SociSte  Beige  de  GA)logte,  etc.,  v.,  pp.  14-42). 

M.  d'Archiac  says  that  he  regards  the  sandy  and  graveUy 
beds  which  he  had  traced  as  far  as  Maestricht  (vide  stupra)  as 
of  the  same  age  with  the  deposit  containing  rolled  pebbles, 
erratic  blocks  and  bones  of  the  great  mammals,  which  are 
found  in  the  bottoms  of  the  valleys  as  well  as  on  their  flanks 
and  their  dividing  plateaux,  and  which  extend  from  the 
Bhine  to  the  English  Channel,  that  is  with  the  diluvium  of 
most  French  writers.  Of  this  diluvium,  again,  he  says :  "  South 
of  a  line  drawn  from  Maestricht  to  Ghent,  i.e.,  in  Limburg, 
Southern  Brabant,  Flanders,  Hainault,  the  provinces  of  Liege 
and  Namur,  and  beyond,  over  the  district  forming  the  water- 
shed of   the  Seine,  the  diluvium  is  composed  towards   the 
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bottom  of  partially  rolled  pebbles,  more  or  less  mixed  with 
sand  and  clay  and  often  containing  the  remains  of  extinct 
animals ;  while  in  its  upper  part  it  is  formed  of  a  mixed  loam 
of  sand  and  clay,  yellow  or  brown,  and  sometimes  calcareous, 
which  the  French  have  caUed  allwvion  ancienne,**  In  the 
Bhine  district,  where  the  two  divisions  of  the  diluvium  also 
exist,  the  upper  one,  he  says,  is  caUed  lehm  or  loess  (D'Archiac, 
op,  cit,  p.  143). 

M.  de  Mercey  urges  that  the  lower  part  of  the  limon  of  the 
plateaux  of  the  north  of  France,  which  contains  angular 
flints  and  is  known  as  limon  hiefeux  or  Ivmon  grosster,  is  of 
glacial  origin.  This  he  argues  from  its  containing  angular 
flints,  mixed  with  flint  nodules,  and  also  from  the  unequally 
sized  grains  out  of  which  it  is  heterogeneously  formed,  in  which 
it  simulates  boulder  clay.  The  finer  brick-earth  (loess)  which 
overlies  this  loam  is  due  to  the  levigation  of  the  latter.  As  in 
the  case  of  districts  covered  with  boulder  clay,  those  covered 
with  the  Ztmon,  when  made  of  chalk,  are  deeply  channelled 
And  excavated,  and  the  limon  itself  is  spread  like  a  continuous 
mantle,  which  follows  the  undulations  of  the  ground.  This 
Umon  WfeuXy  which  M.  de  Mercey  makes  a  true  glacier  mud, 
•corresponds  to  the  yellow  clay  with  stones  and  blocks  that 
M.  Dupont  has  described  as  covering  certain  parts  of  Bel- 
gium (Prehistoric  Europe,  pp.  164,  165).  I  do  not  agree  with 
M.  de  Mercey's  main  conclusion,  but  I  do  cordially  agree  with 
the  continuity  of  conditions  he  has  pointed  out  between  this 
limon  bi^fetix  and  the  deposits  elsewhere  to  which  a  glacial 
origin  has  been  assigned. 

According  to  Mr.  E.  Van  Broeck,  the  loams  of  Belgium  are 
separated  into  three  horizons :  first,  the  stratified  loam,  which 
oontains  mammals'  bones  and  which  doubtless  answers  to  our 
lower  brick-earths;  the  unstratified  loam,  which  covers  it, 
which  is  friable  and  pulverulent,  and  which  is  no  doubt  merely 
loess,  and  to  which  the  name  limon  de  Hesbaye  is  really 
applicable;  and,  thirdly,  above  this  again,  a  brown  clayey 
loam  which  is  called  brick-earth,  and  which  differs  from  the 
two  former  by  the  absence  of  calcareous  elements  and  by  the 
larger  proportion  of  clay  which  it  contains. 

Mr.  E.  Van  Broeck  has  shown  that  this  last  section,  like 
the  diluvium  rouge  of  the  French  writers,  is  really  the  same 
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as  the  stratum  below,  only  that  it  has  been  chemicaUy  altered' 
by  the  infiltration  of  surface  waters  (see  M^moire  9ur  les 
phSnomines  d'altSration  dei  d^pdts,  etc.,  M^m.  Cour.y  etc.,  Acad^ 
R.  Belg.y  xL,  1880).  This  reduces  the  Belgian  loams  to  two  seriea 
— a  stratified  and  an  unstratified.  Mr.  Van  Broeck  admits 
that  if  we  are  to  attribute  the  distribution  of  the  unstratified 
loam  of  Belgium  to  the  agency  of  water  it  necessitates  a  quick 
transcendental  condition  of  things.  His  words  are  that  if 
this  were  fluviatile  we  should  have  to  appeal  to  a  "regime 
fluvial  incompatible  avec  les  conditions  climat^ques  les  plu& 
hasardees  que  Thypothese  pouvait  mettre  a  notre  disposi- 
tion ".  He  scouts  the  notion  of  gigantic  rivers  filling  up  the 
valleys  with  water,  which  would  alone  explain  on  the  fluviatile 
theory  the  distribution  of  this  loess  on  the  plateaux  and  the 
flanks  of  the  valleys ;  and  he  refers  to  the  various  notions- 
which  have  suggested  themselves  to  meet  the  difficulty,  such 
as  the  barring  of  river-mouths  by  ice,  and  the  consequent 
flooding  of  the  country  behind,  the  sudden  melting  of  glaciers^, 
etc.,  all  of  which  he  rejects. 

The  facts  point,  it  seems  to  me,  most  unerringly  to  this 
loess  of  the  Netherlands  being  what  the  other  drift  deposits 
are,  a  widespread  mantle  laid  down  by  a  uniform  and  wide- 
spread cause.  Let  us  follow  this  loess,  the  latest  and  the 
highest  of  the  drift  deposits,  a  httle  further. 

In  the  north  of  France  ''the  loess,  while  retaining  the 
character  of  a  sandy  calcareous  loam,  yet  frequently  becomes* 
more  or  less  argillaceous,  and  even  passes  into  a  regular  brick- 
earth,  or  it  may  consist  of  a  succession  of  alternate  layers  of 
brick-earth  and  calcareous  loam,  or  loess  properly  so  called  '*. 
This  grey  loam,  as  we  have  seen,  is  called  dihmum  gris  by  the 
French.  Its  upper  layers  are  often  more  disturbed  and 
oxydised,  and  are  known  as  dilAAvivm  rcmge,  and  this  is  often  on 
the  plateaux  covered  by  true  loess.  It  is  in  the  dUuvium  gm 
that  the  great  bulk  of  the  French  palsBolithic  implements  have 
occurred.  They  have  been  discovered  wider  the  loess  in  the 
neighbourhood  of  Spiennes,  south-east  of  Mons — another 
proof  of  the  close  relation  of  the  loess  to  the  boulder  clay,, 
which  similarly  overlies  the  beds  with  palaeolithic  implements. 
In  this  behalf  it  is  well  to  bring  the  loess  into  line  with 
another  deposit. 

"  Although,"  says  Godwin-Austen, "  the  true  Campinian  sand 
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haB  never  been  found  to  contain  animal  remains  of  any  kind, 
it  overlies  a  surface  with  Elephas  primigenms,  ...  In  like 
manner  the  loess  overlies  the  gravel  beds  in  which  the  frag- 
mentary remains  of  the  great  pachyderm  fauna  occur.  Both 
the  Campinian  sands  and  the  loess  have  Ardennes  quartz 
pebbles  at  their  base.  .  .  .  This  suggests  that  these  two 
accumulations  must  be  nearly  of  the  same  age ;  and  such  was 
Dupont's  latest  view.  .  .  .  The  sables  de  Campine  and  the 
Umon  de  Hesbaye  have  never  been  seen  to  overlap,  they 
rather  pass  one  into  another"  {Quart.  Joum.  Geol,  Soc,,  1866,. 
p.  247,  etc.). 

The  loess  in  Germany  as  in  France  is  often  distributed  in 
layers  of  a  different  consistency,  the  uppermost  one  being 
the  finest  in  grain,  showing  there  has  been  a  process  of  sorting. 
In  regard  to  the  middle  layers  in  Germany,  Mr.  J.  Geikie  says : 
"  They  are  not  true  loess,  but  rather  calcareous  clays,  con- 
taining not  a  few  rounded  and  angular  stones,  chiefly  flint ; 
but  quartz,  granite  and  other  varieties  also  occur,  some  of 
the  fragments  having  evidently  been  derived  from  the  so- 
called  'northern  drift,*  while  others  may  have  come  from 
the  Hartz  and  districts  to  the  south  or  south-west.  One 
fragment  of  red  granite  must  have  weighed  over  twenty 
pounds  "  {Prehistoric  Europe,  p.  148). 

Just  as  the  boulder  clay  alters  its  composition  and  character 
with  that  of  the  subjacent  beds,  and  especially  in  the  upper 
reaches  of  the  valleys,  so  does  the  loess.  Thus  in  that  of  the 
Neckar,  near  Tiibingen,  as  Lyell  noticed,  it  is  mottled  with 
red  and  green.  This,  as  Mr.  Geikie  suggests,  is  evidently 
due  to  the  fact  that  there  it  owes  its  origin  in  great  part 
to  the  degradation  of  certain  variegated  red  sandstones  which 
are  common  in  that  neighbourhood  {ibid,,  p.  152). 

Mr.  J.  Geikie  has  a  further  paragraph  on  this  subject  with 
which  I  most  completely  agree.  He  says  of  the  origin  of  the 
various  loamy  deposits  here  referred  to:  "We  cannot  have 
a  special  explanation  for  the  loess  or  lehm  of  each  particular 
region.  They  evidently  pertain  to  one  and  the  same  period, 
and  must  owe  their  origin  to  some  widely  acting  cause  or 
causes  "  {Prehistoric  Europe,  p.  234). 

According  to  Prestwich,  there  are  cogent  reasons  for  believ- 
ing the  loam  of  the  plateaux  and  upper  slopes  of  the  valleys 
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of  Northern  France  to  have  been  laid  down  contemporaneously 
with  the  high-level  gravels.  "  I  believe,"  says  Geikie,  "  the 
same  rule  holds  true  for  all  the  great  river  valleys  of  Europe  " 
{ihiA.^  p.  235).  Mr.  J.  Geikie  attributes  the  loam  and  loess,  in 
fact,  to  the  melting  of  the*  great  ice-sheet,  the  waters  from 
which,  he  argues,  carried  along  great  masses  of  gravel  and 
shingle  as  well  as  finer  materials,  and  he  especially  quotes 
in  this  behalf  the  sporadic  stones  and  boulders  sometimes 
found  in  the  loess. 

An  important  feature  in  regard  to  the  loess  consists  in  the 
animal  remains  found  in  it.  Prestwich  says  the  organic 
remains  of  this  loess  are  those  of  the  quaternary  lani  fauna 
living  in  the  respective  districts  at  the  time  of  the  inundation, 
and  include  in  several  instances  the  remains  of  man.  It 
teUs,  therefore,  the  same  tale  as  the  angular  rubble  and  head 
<"  Possible  Cause  of  the  Tradition  of  a  Flood,"  TranA.  Vici. 
Inst,  1.,  11th  September). 

This  is  quite  true ;  but  the  whole  truth  is  not  quite  disclosed 
in  these  words.  It  seems  to  me  as  plain  as  possible  that  the 
remains  of  hving  creatures  in  the  loess,  namely,  of  man,  of  the 
great  mammals,  and  of  the  land  and  fresh- water  molluscs,  are 
mere  derivative  boulders,  as  they  so  often  are  in  the  boulder 
clays  and  the  brick-earths.  They  in  no  sense  tell  us  of  a  long 
period  during  which  the  loess  was  being  deposited.  That 
homogeneous  deposit  without  stratification  or  layers  has 
no  long  history.  It  bears  all  the  marks  of  a  rapidly  or 
suddenly  deposited  mass  of  mud,  thrown  down  at  one  coup 
and  not  deposited  in  a  series  of  ages  ;  and  its  organic  contents 
are  the  remains  of  the  animals  hving  on  the  land  surface 
over  which  it  was  driven,  and  on  which  it  was  deposited,  and 
do  not  testify  in  any  way  to  a  loess  period. 

Turning  from  the  organic  contents  of  the  loess  to  its 
connection  with  the  other  drift  beds,  we  have  seen  how  in 
Belgium  and  France  it  passes  into  them.  Geikie  says  "  there 
is  one  opinion  upon  which  geologists  are  pretty  generally 
agreed,  namely,  that  the  loess  of  the  great  valleys  of  Central 
Europe  consists  for  the  most  part  of  glacial  mud,"  i.e.,  to  use 
my  phraseology,  is  contemporary  with  the  northern  drift. 

The  distribution  of  loess  over  Germany  has  been  well 
described  by  Penck.    It  runs,  as  he  says,  from  Belgium  right 
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across  Mid  Germany  through  the  Hartz,  Thiiringerwald,  Erz 
and  Biesengebirge,  as  far  as  the  northern  outliers  of  the  Car- 
pathians, where  it  loses  itself  in  the  great  loess  plains  of 
Podoha  and  the  South  Bussian  steppes.  Another  band 
traverses  South  Germajiy.  It  abounds  in  the  low  Bhine 
valley  between  the  Lake  of  Constance  and  Basle,  but  does  not 
penetrate  the  Black  Forest.  In  the  Danube  valley  it  is 
distributed  where  the  rolled  drift  is  found,  but  does  not  occur 
in  the  districts  where  tertiary  rocks  are  met  with.  It  thus 
avoids  the  highlands  of  Passau,  but  abounds  on  the  Ems,, 
where  there  is  a  wide  development  of  diluvial  drift 

It  avoids  the  high  mountain  districts.  It  abounds  in  the 
Bhine  valley,  in  that  of  the  Maine  as  far  as  the  districts 
marked  by  the  Keuper  beds,  along  the  Neckar  and  notably 
near  Stuttgart,  but  is  entirely  absent  in  the  neighbourhood  of 
Nuremberg.  In  the  Biesengebirge  it  occurs  to  a  height  of 
over  400  metres,  on  the  Erzgebirge  to  a  height  of  300,  and  in 
the  Hartz  to  over  200  above  the  sea-level.  It  hardly  occurs 
at  all  in  the  districts  where  primitive  rocks  prevail.  It 
abounds  in  the  valleys  of  the  Maine  and  Neckar  where  the 
Muschelkalk  is  found,  while  it  shrinks  where  the  Keuper  and 
Bunt  sandstone  prevail.  It  is  hardly  worth  mentioning  in 
the  Maine  valley  about  Bamberg,  where  the  Keuper  rocks 
are  found,  while  its  proportions  swell  again  near  Wurzburg, 
where  the  Muschelkalk  prevails,  shrinking  again  in  the  district 
of  Buntsandstein  of  the  Speisart.  In  the  Jura  it  is  very 
subordinate,  as  it  is  in  the  Silurian  districts  of  Bohemia  and 
in  the  Schiefer  mountains  of  the  Bhine,  although  it  occurs  in 
both  districts  near  the  great  rivers.  Such  a  distribution  is 
quite  incompatible  with  its  having  been  deposited  by  ordinary 
diurnal  methods. 

It  covers  the  higher  terraces,  but  not  the  lower  ones.  In 
Germany  the  loess  forms  a  continuous  border  to  the  drift 
with  erratic  boulders,  and  it  in  fact  mantles  over  a  zone  of 
that  drift,  and  shows  therefore  that  it  is  closely  united  with 
it.  It  seems  on  every  ground  in  fact  to  have  been  contem- 
poraneously distributed  with  it,  and,  in  my  view,  to  be  the 
deposit  of  the  diluvial  water  when  it  had  dropped  its  heavier 
burden  at  the  earlier  part  of  its  journey. 

Mr.  J.  Geikie  says  very  truly  that  '*  the  loess  of  Central 
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and  Western  Europe  cannot  be  considered  as  a  separate  and 
independent  formation.  We  find  it  again  and  again  closely 
associated  with  riyer  gravels  and  containing  intercalations  of 
clay,  sand  and  stones.  It  is  true  that  in  the  Bhine  valley 
it  retains  a  remarkably  homogeneous  character  throughout 
a  wide  area  and  a  great  thickness ;  .  .  .  but,  as  we  have  seen, 
in  Belgium,  and  especially  in  the  north  of  France,  it  loses 
much  of  its  typical  character ;  and  this  is  still  better  exem- 
plified in  the  valleys  and  low  grounds  of  the  south  of  England, 
where  the  loess  beds  are  composed  in  large  measure  of  brick- 
earth,  in  which  sand  and  even  gravel  are  frequently  inter- 
calated." 

It  is  not  only  in  its  contents  that  the  loess  agrees  with  the 
diluvium  and  the  brick-earths :  the  mode  of  their  occurrence 
in  places  quite  independently  of  the  drainage ;  covering  the 
plateaux  as  well  as  being  found  in  the  valleys,  in  some  places 
accumulated  to  great  depths ;  in  fact,  in  every  particular,  save 
that  of  internal  structure  and  the  absence  of  carbonate  of 
lime,  they  agree  with  the  loess,  and  precisely  the  same  argu- 
ments apply  to  it  that  we  applied  to  them. 

In  regard  to  the  loess  of  Bussia  Mr.  Hume  says :  ''  It  lies 
unconformably  on  all  the  principal  formations.  To  the  west 
of  the  Dnieper  it  hides  beneath  itself  the  broken  and  contorted 
gneisses  and  granites  of  the  Archean  axis;  in  South  Eka- 
terinoslav  and  the  Don  Cossack  country  it  covers  the  shales 
and  sandstones  of  the  carboniferous,  while  in  the  more 
central  governments  of  Kursk,  Kharkoflf  and  Tchemigov  it 
overlies  the  cretaceous  and  the  whole  tertiary  series ;  also 
along  a  certain  definite  line  running  to  the  north  of  these 
governments  it  rests  upon  the  boulder  clays  and  sands  of  the 
glacial  period.*'  This  shows  that  the  loess  is  a  true  drift,  and 
not  due  to  the  disintegration  in  situ  of  the  subjacent  beds. 
The  subjacent  beds  no  doubt  alter  its  form  in  a  slight  degree. 
Thus  it  has  been  noticed  that  near  the  Archean  rocks  it  is 
much  richer  in  micaceous  materials,  but  substantially  it  is 
uniform.  The  loess  of  Bussia,  again,  agrees  with  that  of  Central 
Europe  in  its  organic  contents,  and  therefore  in  its  date.  '*  The 
manmioth  remains,  which  are  so  common  in  the  Don  country, 
all  hail  from  this  deposit.  Indeed,  so  common  are  such 
mammalian  finds,  that  bones  are  constantly  being  brought 
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to  light  in  all  parts  of  the  country.  .  .  .  The  fauna  of  the 
Bussian  loess  therefore  resembles  that  mentioned  by  Braun 
aB  occurring  in  the  Bhine  valley  and  at  Toulouse''  {Qeol, 
Mag,,  1892,  p.  554). 

As  with  the  more  recent  explorers  of  the  German  loess, 
Mr.  Hume  closely  connects  the  loess  deposits  of  Bussia  with 
the  so-called  glacial  beds,  with  which  view  I  am  in  complete 
agreement.  He  says:  ''In  North  Bussia  there  is  nothing 
but  glacial  drift  at  the  surface,  while  in  the  south  the  loess 
entirely  takes  its  place,  but  between  them  is  a  band,  passing 
into  Galicia  and  Saxony,  along  which  the  loess  overlies  the 
glacial  drift.  .  .  .  This  relationship  appears  too  striking  to 
be  casual "  {ihid.,  p.  560).  Mr.  Hume  accordingly  attributes 
the  loess  of  Bussia  to  a  glacial  origin.  He  cites  Baron 
Bichthofen,  the  author  of  the  sBolian  theory,  as  conceding 
that  the  period  of  the  loess  deposition  in  Central  Asia  was 
•coincident  with  the  glacial  period  in  Europe.  This  view  of 
the  glacial  origin  of  the  loess  is  also  adopted  by  Prof. 
X^okoutchaieff  in  a  note  published  in  the  Bulletin  of  the 
<Jeological  Society  of  Belgium  for  January,  1893,  on  the  loess  of 
South  Bussia.  Inter  alia,  he  argues  that  the  fine-grained  loess 
of  the  Poltava  or  Nijni  Novgorod  type,  of  uniform  structure 
throughout  its  thickness  (except  where  a  few  small  erratic 
blocks  are  present  in  its  lower  portions),  is  of  exclusively 
glacial  origin ;  and  he  argues  that  it  represents  the  finer  con- 
stituents of  the  glacial  mud  deposited  over  a  country  already 
<30vered  with  vegetation  and  inhabited  by  the  typical  rodents 
of  the  steppes.  A  similar  loess  occurs  sporadically  as  little 
islands  throughout  the  whole  of  the  district,  bearing  traces,  he 
argues,  of  glaciation,  sometimes  in  the  inferior  sands  contain- 
ing erratic  blocks,  and  sometimes  in  the  northern  brown  clays. 
The  northern  loess  apparently  contains  a  larger  proportion 
of  grey  loam,  and  it  becomes  more  calcareous  as  we  proceed 
southwards.  On  the  littoral  of  the  Sea  of  Azov  marine  are 
interstratified  with  glacial  deposits  (i.e.,  with  loess).  In  his 
summing  up  of  the  Bussian  professor's  case,  Mr.  Hume  says : 
**  Seeing,  then,  that  the  typical  loess  is,  in  the  government  of 
Poltava,  restricted  to  the  region  of  inferior  moraine  deposits, 
and  only  extends  beyond  them  to  a  slight  extent ;  viewing 
the  fact  that  it  is  completely  analogous  to  glacial  mud 


192  Ice  or  Water. 

occurring  in  purely  morainic  deposits,  erratic  blocks  also 
being  sometimes  found  at  its  base ;  bearing  in  mind  also  that 
loess  may  be  found  below  the  brown  morainic  clays,  the  loess 
must  he  considered  as  a  glacial  mud  deposited  from  glacial  waters  '*. 
Mr.  Hume  adds  '*  that  along  the  boundary  of  the  old  Busso- 
Scandinavian  glacier,  a  boundary  indicated  by  moraine  clays 
containing  rocks  of  Finnish  origin,  the  loess  immediately 
overlies  the  boulder  clay  and  is  stratified  at  its  base  and  clings- 
closely  to  the  old  line  of  ice  action  "  {Oeol,  Mag,,  1894,  p.  306). 

Translating  this  into  my  language  it  means  that  there  is 
a  complete  continuity  between  the  boulder  drift  of  North 
Bussia  and  the  loess  of  South  Bussia,  a  continuity  of  date 
and  a  continuity  of  origin. 

It  is  an  easy  step  from  the  loess  to  the  tchemozem  or  black 
earth.  In  regard  to  the  "black  earth"  Mr.  Hume  says: 
"The  first  point  of  importance  is  the  close  connection 
existing  between  the  loess  and  the  black  earth.  Murchison 
included  both  deposits  under  the  common  name  tchemozem. 
.  .  .  Schmidt  regards  the  black  earth  as  practically  identical 
with  loess  {Zeits.  Deutsch.  GeoL  Soc.,  xxix.,  pp.  830, 831).  Bicht- 
hofen  says  the  black  colour,  which  is  proper  to  the  uppermost 
layers  only,  appears  to  result  solely  from  the  formation  of  vege- 
table mould,  the  deeper  portions  showing  the  brown  colour  of 
the  loess,  together  with  its  structure,  although  this  appears  to- 
be  less  perfect  than  in  the  former  casa  "  Personal  observation," 
says  Mr.  Hume,  **  has  left  no  shadow  of  a  doubt  on  my  mind 
as  to  the  intimate  connection  between  those  two  types  of 
deposit.  Beference  has  already  been  made  as  to  the  gradual 
passage  from  pure  loess  to  black  earth  observed  in  a  ravine 
at  Kharkov,  and  an  example  of  the  interlamination  of  the  two* 
at  their  point  of  junction  has  been  cited  from  Bielgorod.  .  .  .. 
Bepeatedly  the  dark-brown  humus-bearing  beds  form  distinct 
lenticular  patches  (often  three  or  four  feet  in  thickness  at  the 
centre,  and  extending  some  little  distance  in  a  horizontal 
direction)  running  through  the  yellow  clay.  The  gravel 
stage  is  rea>ched  when  the  black  earth  forms  a  distinctly 
marked  stratum,  actually  overlain  by  true  loess.  This  is. 
beautifully  observed  in  the  ravine  near  the  railway  station 
at  Eieff,  where  a  thick  layer  of  black  earth  is  overlain  hj 
some  seven  feet  of  loess.'* 
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"  But  the  iater«zelatiQii9hip«  of  the  (wo  deposits  ikre  still 
forther  brought  out  if  a  cloa^  examiimtiou  be  made  of  (ha 
materiaJs  oomposiug  them.  Not  only  does  black  earth  agree 
with  loess  in  its  superficial  position,  its  existence  at  most 
varying  level,  its  occasionally  purely  local  development,  but 
it  possesses  (he  same  want  of  consistency  when  rubbed  in 
the  fingers.  The  chemical  composition  is  in  most  respects 
ainular.  •  .  .  Both  in  oharacter,  position,  chemical  analysis 
Mid  history  the  black  earth  is  thus  intimately  connected 
with  the  loess,  and  is  due  to  special  circumstances  aflCecting 
the  latter"  (Qeol.  Mag.,  1894,  p.  307,  etc.). 

Murchison,  describing  the  black  earth,  says  it  lies  on  rocks 
of  all  ages,  and  is  found  at  very  different  levels.  The  northern 
drift  is  succeeded,  if  not  actually  overlapped,  by  the  black 
evth.  He  considered  it  iw  not  having  been  formed  in  situ^ 
but  as  being  derived  from  the  disintegration  of  the  black 
joraasio  shale  which  is  found  in  the  more  northern  districts 
of  the  empire.    It  is,  in  fact,  a  true  drift. 

''  The  toh6rm>$enk  or  black  earth  of  Southern  Russia  occupies," 
says  Mr.  Geikie,  '^  the  same  geological  horizon  as  the  loess, 
and  its  origin  is  undoubtedly  closely  bound  up  with  that  of 
the  former.  It  extends  over  the  steppes  and  lowJying  plateaux 
that  border  on  the  Black  Sea,  the  Sea  of  Azov,  and  the  de* 
pressed  area  to  the  north  of  the  Caspian,  with  a  breadth  from 
north  to  south  of  from  200  or  300  to  nearly  700  miles.  It 
noay  be  said  to  continue  with  little  interruption  from  the 
regions  watered  by  the  Pruth  and  the  Dniester  to  the  foot* 
hiUs  of  the  Ural  Mountains  between  Ufs^  and  Orenburg,  thui 
oomprising  an  area  of  not  less  than  600,000  square  miles. 
Throughout  this  wide  tract  the  black  earth  shows  a  singularly 
nniform  character.  Like  the  loess  of  Central  Europe,  it  had 
an  extremely  fine  texture,  and  is  usually  devoid  of  well-marked 
stratification*  It  varies  in  colour  from  dark  brown  to  black, 
and  in  thickness  from  a  foot  or  two  up  to  twenty,  and  it  is 
said  even  occasionally  to  sixty  feet.  .  ,  ,  This  is  a  very  fair 
description  of  the  black  earth,  and  shows  its  close  connection 
in  origin,  texture  and  date  with  the  loess  with  which  it  is 
continuous.  In  another  direction  the  black  earth  is  similarly 
shown  to  be  continuous  and  closely  connected  with  the  drift 
beds  of  Northern  Russia.  Murebison  aud  his  associate 
n.  13 
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state  that  the  materials  of  this  drift,  consisting  of  stones 
derived  from  the  north,  are  reduced  to  small  size  and  mixed 
with  the  debris  of  local  rocks  as  they  approach  the  northern 
margin  of  the  black  earth,  by  which  deposit  they  are  succeeded 
if  not  overlapped.  At  one  place,  however,  they  observed 
erratics  or  travelled  stones  of  northern  derivation  super- 
imposed on  the  black  earth." 

The  loess  and  tchemozem  of  European  Bussia  are  not  Umited 
to  that  area.  They  extend  far  beyond  it,  and  form  a  large  part 
of  the  surface  deposit  of  Central  Siberia  and  of  the  Mongolian 
steppes,  and  reappear  again  developed  on  a  great  scale  in 
Northern  China,  where  loess  occurs  over  a  vast  area,  and 
presenting  the  same  features  as  the  European  loess,  the 
same  concretions,  the  capillary  tubes,  the  land  and  fresh- 
water sheUs  and  bones  of  extinct  animals,  the  same  tendency 
to  cleave  in  straight  facies,  the  same  large  element  of  cal- 
careous matter  in  it,  the  same  heterogeneousness,  and  the 
same  signs  and  evidences  of  its  having  been  laid  down  over 
hill  and  dale  by  some  widespread  force  acting  rapidly  and 
independently  of  ordinary  gravitation. 

This  completes  our  survey  of  the  drift  deposits  of  the  Old 
World.  We  are  not  discussing  their  origin  in  this  chapter, 
but  their  continuity.  Of  this  it  seems  plain  to  me  there  can 
be  no  doubt,  and  that  the  glacialists  are  quite  unjustified  in 
drawing  their  arbitrary  frontier  lines.  The  continuity  is 
complete  between  the  boulder  drift  of  the  far  north  and  the 
loam  and  loess  of  the  central  and  south-eastern  parts  of 
Europe,  and  continuous  also  with  the  intermediate  beds  of 
sand  and  gravel.  They  all  speak  of  widespread  continental 
transport,  and  I  fail  in  this  view  to  find  evidence  of  those 
boundary  lines  between  the  glacial  and  the  non-glacial  areas 
in  the  drift  districts  with  which  some  famous  works  abound. 

If  we  turn  to  America  we  have  similar  evidence  of  the 
existence  of  contemporaneous  and  intercalated  beds  of  true 
drift  reaching  southwards  far  beyond  the  range  of  the  sup- 
posed ice-sheet.  These  are  in  two  forms — ^in  the  form  of 
what  the  Americans  call  extra  morainic  drift  or  ''fringe," 
and  in  the  form  of  loess. 

The  main  frontier  of  the  supposed  ice-sheet  in  America  is 
what  is  called  the  great  terminal  moraine.     The  name  fringe 
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was,  I  believe,  first  given  to  the  deposits  under  discussion  by 
Prof.  G.  F.  Wright  and  Mr.  Carvell  Lewis,  and  includes 
the  dispersed  erratics  and  thinner  so-called  glacial  deposits 
which  extend  in  advance  of  the  moraine.  These  writers  tell  us 
how  in  Pennsylvania  transported  boulders  occur  occasionally 
upon  several  hilltops  in  front  of  the  moraine,  and  in  New  Jersey 
unmistakable  evidence  of  this  fringe  had  been  noticed  a  few 
miles  south  of  the  well-defined  moraine.  Prof.  Salisbury 
mentions  similar  phenomena  in  New  Jersey,  and  says,  inter 
dia^  ''  In  Pennsylvania  there  are  drift  deposits  well  south  of 
the  moraine  consisting  of  glaciated  boulders  in  clay  several 
hundred  feet  above  the  sea-level ". 

It  is  curious  to  find  Dr.  Wright,  who  tries  to  summarise 
the  effect  of  this  evidence,  joining  the  army  of  the  faithless  in 
regard  to  so-called  glacial  strisB,  and  saying  of  some  scratches 
on  stones  at  a  place  called  High  Bridge :  ''  Tht  scratches  might 
weU  have  been  made  in  the  process  of  creeping  down  the  disintegrat- 
ing mountain  side,  which  secures  almost  exactly  the  same  mechanical 
force  as  the  movement  of  a  glacier  does,  ...  In  the  valley  of  the 
Pohatcong  at  and  below  Washington  the  foreign  material  is 
so  abundant  and  of  such  size  as  to  make  it  probable  the 
glacial  ice  over-rode  Scott's  Mountain.  .  .  .  These  boulders 
increase  in  numbers  on  the  north  side,  but  are  mingled  in 
irregular  fashion  with  the  local  debris.  ...  It  is  important 
to  notice  that  there  is  continuity  in  the  distribution  of  this 
foreign  material  from  the  moraine  southwards  over  Scott's 
Mountain  into  the  valley  of  the  Pohatcong  at  Washington." 
He  speaks  of  Medusa  and  Oneida  boulders  as  deeply  covering 
the  coimtry,  and  extending  as  far  as  Musconetcong  Moun- 
tain, within  five  miles  of  the  Delaware,  one  of  these  boulders 
measuring  3  x  2^  x  1  feet,  while  another  retained  a  very 
perfectly  scratched  surface. 

At  Bridgeport,  which  is  about  thirty  miles  south  of  the  ter- 
minal moraine,  where  he  had  noticed  such  deposits,  he  says 
that  glaciated  boulderets  were  taken  from  clay  of  such  charac- 
ter there,  that  if  the  locality  had  been  known  to  be  covered 
with  ice  they  would  certainly  have  been  referred  to  till. 
Salisbury  {Bep,  of  State  OeoL,  1891,  pp.  106,  107)  attributes 
these  phenomena  to  an  older  ice  age,  and  he  says  that  "  in 
its  southern  extension  the  ice  extended  to  the  region  of  the 
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yellow  graTel  formatum''.  He  fiirthar  says  that  at  Hi^ 
Bridge  and  Pattenborg,  boolder  clay  is  found  twenty  xnike 
south  of  the  morame,  and  speaks  of  a  locality  fifteen  miles 
south-west  of  New  Brunswick  where  similar  phenomena  oocur. 
Wright  further  mentions  that,  both  in  Eastern  Pennsylvania 
and  in  portions  of  New  Jersey,  the  fringe  extends  a  considerable 
distance  beyond  the  moraine  {JPf(M.  Acad,  Nai.  8oi,  Pkil. ,  1892, 
p.  478).  He  especially  refers  to  the  evidence  of  the  Susqua* 
hanna  terraces,  of  which  he  says :  *'  The  occurrence  of  granitic 
pebbles  in  these  terraces  is  of  great  significance,  since  it  fixes 
them  as  contemporaneous  with,  or  subsequent  to,  the  glacial 
period,  for  there  is  no  outcrop  of  this  material  an3rwhere  in 
the  watershed  of  the  Susquehanna  above  Hanisburg  ". 

Dr.  Wright  rather  labours  the  point  of  the  presence  or 
absence  of  foreign  stones  in  this  extra  morainic  drift.  As  we 
have  seen,  the  essential  point  is  not  this,  but  whether  the 
surface  deposit  is  a  true  drift  and  distributed  independently 
of  the  present  contour  of  the  country.  His  general  conclu- 
sion is  that  on  the  Atlantic  coast,  as  in  the  Mississippi  valley, 
there  is  usually  a  fringe  of  thinner  glacial  deposits  extending 
a  few  miles  more  or  less  south  of  any  well-defined  moraine, 
and,  further,  that  the  facts  do  not  lend  support  to  the  theory 
of  a  discontinuity  between  the  drift  north  of  the  moraine  and 
soutii  of  it,  with  which  moraine  it  has  both  a  genetic  connec- 
tion and  a  moderately  dose  time  relation.  **  The  drift  msjterisJl 
is  the  same  with  a  larger  addition  ot  local  gneissic  rock,  and 
it  does  not,  as  Prof.  Salisbury  argued,  point  to  another  and 
earlier  movement  than  that  which  deposited  the  terminal 
moraine  **  (ibid.,  pp.  473-484).  '*  Prof.  Salisbury  in  his  report 
correlates  this  fringe  deposit  with  the  yellow  gravels  of  the 
country  to  the  south,  over  which,  he  claims,  the  ice-sheet  ala(» 
traveUed,  mixing  with  it  more  northern  materials.  In  this 
event,  he  says,  boulders  would  have  been  carried  beyond  the 
edge  of  the  ice^sheet  by  floating  ice,  and  scattered  over  a  wide 
area  beyond  the  reach  of  the  glacier,  so  that  a  sharp  line 
marking  the  limits  of  the  drift  or  even  of  glacier  drift  would 
not  exist "  (cp.  dt,,  p.  108). 

Lewis  refers  to  the  so-called*  terminal  moraine  in  Pennsyl- 
vania, which,  he  says,  Chamberlin  and  oth&:  geologies  hare 
described  as  the  terminal  moraine  of  the  second  glacial  epoch. 
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Their  leason  for  this  opinion  bM  been,  be  sajs,  tbat  there 
are  eertain  deposits  outside  of  the  moraine  which  they  beheTe 
to  bsve  been  made  by  an  ice^sheet  of  the  first  glacial  period. 
This  "first  glacier,"  like  the  supposed  one  in  Switsoriand, 
has  left  no  polished  or  striated  rock  surface,  and  no  moraines 
or  kames,  to  prove  its  existence.  This  drift  outside  the  ter- 
minal moraine  he  calls  the  fringe,  and  says  that  in  Western 
PennsylTania  it  is  less  than  five  miles  wide,  Qfpparefnlly  wnr 
^Matedf  yet  with  great  erratics  brought  from  Canada  and 
perched  on  the  hills,  and  also  with  occasional  thin  deposits  of 
clayey  drift  somewhat  resembling  elayey  till.  The  hilltops 
bearing  these  boulders  show  no  signs  of  glacial  erosion,  being 
in  all  respects  identical  with  those  south  of  the  limit  of  all 
drift.  ''  In  Dakota,  far  outside  of  the  moraine,  th^e  otour 
^ttsters  of  granite  boulders  upon  the  hilltops  often  unacoom*- 
panied  by  till  or  gravel,  the  boulders  having  been  transpcrtdd 
from  the  Laurentian  region,  neariy  five  hundred  miles  awa)r. 
The  rock  on  which  tiiey  rest  is  not  striated  or  disturbed,  and 
the  boulders  finally  cease  with  no  sign  of  a  moraine  bounding 
them.  .  .  .  The  supposition  that  this  extra  morainio  drift  was 
made  by  a  former  extension  of  the  ice  is  not  supported  by 
vihat  we  know  of  the  action  of  glaciers  elsewhere.  It  is 
iDeonceivable  that  the  laws  ot  glacial  action,  as  we  know 
them  in  modem  glaciers,  should  be  violated  by  the  first  glaciet, 
while  followed  perfectly  by  the  second  *'  {The  GlacicU  Geology  of 
Cheat  Britam  and  IreUmd,  pp.  50,  51). 

Let  us  now  turn  to  the  other  glreat  drift  deposit  of  America 
outside  the  so-called  terminal  moraine,  namely,  the  loess. 
In  r^ard  to  the  stratigraphical  position  of  the  loess  there, 
there  is  a  very  interesting  paper  by  Profs.  Chamberlin  and 
Salisbury  in  the  American  JowrtuU  of  Seiencef  from  which  I 
propose  to  quote  freely. 

They  tell  us  that  ''between  the  parallels  of  37'  3(y,  the 
soutiieAi  limit  of  glacial  drift,  and  latitude  35°  the  country  is 
overspread  by  loess,  which  extends,  however,  much  below  this 
latitude.  A  similar  belt  of  loess  is  disposed  along  the  course 
of  the  Ohio  for  a  considerable  distance  above  its  junction 
vnth  the  Mississippi,  though  {he  loess  along  this  stream  is  less 
oonstMit  in  character,  and  its  facies  often  differ  from  the 
Mississippi  Biver  loess.   As  usual,  the  deposit  is  more  developed 
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on  the  higher  ground,  where  it  generally  keeps  its  charac- 
teristic loose,  open  textnre.  As  we  trace  it  eastward  or  west- 
ward from  the  Mississippi,  or  northward  or  southward  from, 
the  Ohio,  these  characteristics  gradually  disappear.  The  open 
texture  becomes  less  pronounced,  and  by  almost  imperceptible 
degrees  passes  from  that  of  a  loose  light  loam  through  that 
of  a  clayey  loam  to  that  of  a  loamy  clay.  So  far  does  this 
gradation  proceed  that  the  texture  of  the  loam  at  some 
distance  from  the  streams  resembles  much  more  closely  that 
of  the  residuary  earth  upon  which  it  rests  than  that  of  the 
typical  loess  on  the  inmiediate  borders  of  the  valley. 

''A  change  in  colour  accompanies  the  change  in  texture. 
The  huffish  colour  which  everjrwhere  characterises  the  river 
bluff-loess  in  its  normal  development  becomes  deeper  with  in- 
creasing distance  from  the  streams,  so  that  along  the  borders 
of  the  loess,  where  the  texture  has  come  to  simulate  closely 
that  of  the  residuary  earths,  the  colour  has  become  notably 
deeper  than  on  the  bluffs  immediately  fronting  the  river,  and 
the  deepening  colour  has  been  a  constant  approximation 
to  the  colour  of  the  underlying  residuary  earth.  As  the 
texture  of  the  loess  becomes  closer  and  its  colour  deeper 
with  increasing  distance  from  the  rivers,  the  proportion  of 
carbonates  diminishes,  and  may  entirely  disappear  before 
the  border  of  the  loess  is  reached.  The  shells  and  concre- 
tions are  limited  to  the  calcareous  portions  of  the  loess. 
With  increasing  distance  from  the  streams  goes  another 
change  in  the  composition  of  the  loess.  The  complex  silicates 
(feldspar,  mica,  hornblende,  augite,  etc.),  which  are  found  to 
be  very  significant  ingredients  of  the  formation  along  the 
river  bluff,  become  less  and  less  abundant  as  the  other 
normal  characteristics  disappear.  They  may  be  found,  how- 
ever, in  the  loams  far  away  from  the  rivers  after  almost  every 
other  loess  feature  has  disappeared.  Along  the  Mississippi, 
and  along  its  tributaries  in  Illinois,  Missouri,  Iowa,  Wiscon- 
sin and  Minnesota,  and  along  the  tributaries  of  the  lower 
Iowa,  in  Illinois  and  Indiana,  the  loess  lies  upon  the  glacial 
drift.  In  southern  Illinois,  for  example,  the  drift  for  many 
miles  north  of  its  southern  boundary  is  overspread  with  loess 
or  with  clay-like  loam,  which  may  be  traced  into  direct  con- 
tinuity with  the  normal  open-textured  calcareous  shell  and 
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concretion-bearing  loess  along  the  inunediate  valleys  of  the 
streams.  Here,  too,  in  scores  and  hundreds  of  places,  especi- 
ally in  south-pkstem  Illinois,  it  may  be  seen  that  the  surface 
of  the  drift  upon  which  the  loess  rests  is  one  which  gives  no 
evidence  of  exposure  to  the  atmosphere  before  the  mantling 
loess  was  spread  upon  it.  Had  such  exposure  found  place 
the  fact  would  have  left  its  record  in  the  oxidation  of  the 
exposed  surface,  or  in  the  accumulation  upon  it  of  an  old 
soil,  traces  of  which  would  still  be  found  beneath  the  loess. 
But  in  south-eastern  lUinois  and  the  adjacent  parts  of  Indiana 
no  zone  of  oxidation  and  no  vegetable  layer  or  trace  of  old 
soil  separates  the  loess  from  the  till  beneath.  It  would  not 
be  necessary  to  suppose  that  such  a  zone  as  that  here  referred 
to  would  necessarily  be  preserved  at  all  points  until  the  present 
time.  But  its  universal  absence  over  large  areas  under  con- 
ditions which  must  have  been  favourable  for  its  preservation, 
had  it  ever  been  developed,  seems  to  be  conclusive  against 
the  hypothesis  that  it  ever  existed.  That  the  conditions  were 
favourable  for  its  preservation  is  proved  by  its  well-nigh  universal 
presence  under  the  loess  immediately  south  of  the  d/rift  border  in 
the  same  region. 

''  In  many  places  it  may  be  clearly  seen  that  the  superficial 
loess  mantle  and  the  stony  drift  beneath  meet  each  other 
in  a  thin  zone  of  gradation — that  is,  the  pebbles  of  the 
drift  frequently  occur  in  the  basal  portion  of  the  mantling 
loess  in  and  just  above  the  horizon,  where  the  imbedding 
matrix  changes  from  a  gritty  clay  (till)  to  a  gritless  loam  or 
loamy  clay  (loess).  In  other  places  there  is  a  more  or  less 
marked  accumulation  of  drift  pebbles  immediately  below  the 
loess  or  its  clayey  equivalent,  marking  its  junction  with 
the  till.  In  the  judgment  of  the  writers,  therefore,  the 
relationship  between  these  two  deposits,  the  till  and  the 
loess,  as  seen  in  innumerable  sections  in  south-east  Illinois 
and  south-west  Indiana,  is  such  as  to  admit  of  no  second  in- 
terpretation as  to  their  sequence.  The  loess  in  the  regions 
where  such  sections  are  found  was  deposited  immediately 
after  the  till,  so  far  as  not  actually  contemporaneous  with 
it.  We  distinguish  other  sheets  of  loess  contemporaneous 
vnth  other  stages  of  glaciation." 

The  two  authors  then  go  on  to  say  that  the  material  of  the 
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loess  is  in  part  deriyed  from  the  till  beneath  and  in  part 
from  the  glacial  silt  oarried  southward  from  the  melting  ioe 
to  the  north.  They  correlate  the  loess  with  what  they  deem 
to  be  the  deposits  of  the  glacial  epoch,  making  it  the  equivalent 
of  the  later  part  of  that  deposit.  The  continuity  is  com- 
plete, and  the  character  of  the  formation  is  the  same  on  both 
sides  of  the  line  which  marks  the  limit  of  ice  advance.  It 
is  a  continuous  mantle,  overspreading  alike  the  drift  border 
on  the  north  and  the  residuaty  earths  which  the  ioe  did  not 
disturb  on  the  south.  If,  therefore,  the  age  of  the  loess 
which  covers  the  drift  be  first-glacial  (first  episode),  the  ag« 
of  that  which  lies  south  of  the  drift  in  the  area  under 
didoussion  is  likewise  first-glacial. 

"  Between  the  relationship  of  the  loess  to  the  till  north  ot 
the  limit  of  glaciation,  and  the  Relationship  of  the  loess  to 
the  residuary  earths  of  the  palieosoic  rocks  immediately 
outside  the  drifts  there  is  one  important  difference.  I^he 
presence  of  a  weathered  and  highly  oxidised  zone  inmiedi- 
ately  subjacent  to  the  loess  south  of  the  drift  limit  is  as 
conspicuous  as  its  absence  to  the  north.  This  oxidised  2one 
is  the  upper  surface  of  the  residuary  earths.  There  iA  in 
places  a  slight  admixture  Of  residuary  material  and  loess  at 
the  junction  of  the  two.  But  the  body  of  the  residuary  eafOi 
is  clearly  separated  from  the  body  of  the  loess.  The  fact  of 
the  existence  of  a  long  interval  between  the  loess  and  the 
residuary  earths  beneath  is  as  clearly  indicated  on  the  one 
hand  as  is  the  fact  of  the  absence  of  an  interval  between  the 
loess  and  the  underlying  till  on  the  other  "  (^HMmon  JbfMHol 
of  SctMee,  3rd  series,  xli.,  p.  369,  etc.). 

In  the  Popular  Science  Monthly  for  July,  1893,  Major  Powell, 
who  was  then  at  the  head  of  the  United  States  Geological 
Survey,  says  "the  loess  is  a  formation  contemporaneous 
with  the  glacial  formation  of  the  north". 

In  a  paper  on  the  loess  and  associated  deposits  of  Des 
Moines,  by  McGee  and  B.  Elsworth  Call,  published  in  the 
American  Journal  of  Science,  xxiv.,  1882,  We  are  told  that  in 
that  part  of  Iowa  the  drift  is  everywhere  superficially  modified 
to  a  certain  extent,  the  upper  portion  being  fine,  homo* 
geneous,  free  from  boulders  and  pebbles,  though  sometimes 
containing  calcareous  nodules,  and  loess-like  in  structure. 
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'^ig{)e6t  tod  topogra]^ical  oonfigtiratioti,  but  g)*aduating 
idiper()eptibly  into  rmmodified  glacial  drift  within  a  few  feet 
tii^Iow  t^e  surface.  Describing  two  plateau-like  hilld,  one 
-<9A&ed  Capitol  HiU,  near  Dee  Moines,  the  authors  say  they 
^Bt^  marked  ''by  oharaoteristic  loess  topography,  but  with 
tmmeroufi  erratic  boulders  scattered  oter  their  sainmits**. 
Drift,  with  many  erratic  boulders,  is  deeeribed  as  cohering 
tile  entire  summit  of  Capitol  Hill.  '*The  proportion  of 
pebbles  in  this  drift,  however,  is  less  than  is  usual  in  this 
latitude.  The  clay  presents  a  somewhat  loess^like  aspect, 
<)ontains  calcareous  concretions  and  yields  a  calcareoua 
efflorescence,  and  the  topography  assumed  is  essentially 
identical  With  that  of  loess  areas."  In  the  Pfioc6ed^<  o/  tht 
Ameriean  As^ocMwn  for  the  PratMtkm  cf  Seienoe  for  1876,  tol. 
jtitvii.,  McQ^e  says  loess  often  grades  insensibly  into  the  drift. 

Th«  object  and  purport  of  the  bringing  together  of  the  fore- 
^iig  perhaps  too  numerous  facts  and  arguments  is  to  press 
hernia  the  conclusion  that  in  the  northern  hemisphere  the 
-flO^K^Hed  glacial  deposits  have  no  sharp  and  definite  boUndai^ 
^long  their  southern  fiontier  such  as  we  find  ]Nctured  and 
<lefined  in  the  telt- books  which  are  now  fashionable  (e.g.,  in 
Mr.  Geikie*8  well-known  maps).  The  beds  of  boulder  clay, 
with  their  associated  gravels  and  sands,  as  marked  by  northern 
^rrati(»,  i^d  oecupying  so  many  degrees  of  latitude  and  longi^ 
tude  in  the  northern  hemisphere,  instead  of  coming  suddenly 
to  an  end,  as  ahoWn  on  these  maps,  gradually  ehange  in 
texture  and  contents.  The  number  of  northern  (crystalline 
trtiAies  gets  smaller  and  smaUer.  In  North  Germany,  wh<»:e 
these  beds  are  so  markedly  sandy,  they  gradually  merge  into 
the  so-called  Zi^nd  diluvium  of  Holland,  and  this,  again,  into 
the  Campinian  si^ds  of  Belgium  and  Flinders. 

This  sand,  again,  passes  laterally  into  beds  of  brick-earth 
4Mftd  loam  containing  mgular  fragments  of  flint,  etc.,  and 
spread  like  them  over  the  country  independently  of  its  contour, 
which  are  known  to  the  French  as  Ufrum  nmge,  limon  des  plateaux, 
Umcn  de  HiMbafe,  etc.  These  lOamy  beds,  again,  in  France  pass 
laterally  into  loess  gI  different  kinds,  which,  like  the  true 
boulder  clay,  is  unstratified,  and  like  it  lies  directly  upon  the 
gravels  which  contain  the  remains  of  the  mammoth  and 
paleoiilhic  man,  and  is  quite  unconnected  in  the  great  mass 


202  Ice  or  Water. 

of  its  materials  with  the  beds  underlying  it.  In  Britain  the 
continuity  seems  to  me  to  be  equally  complete,  and  the 
notion  of  a  sharp  frontier  in  the  Thames  valley  and  a  Une 
prolonging  it  westward  seems  quite  unsupported  by  the  facts. 
In  the  west  of  southern  England  crystalline  erratics  occur^ 
as  we  have  seen,  to  the  south  as  well  as  to  the  north  of  this 
line,  while  all  over  the  area  great  masses  of  travelled  Sarsena 
or  greywethers  occupy  the  place  of  the  primitive  erratics  of 
the  north  country. 

The  so-called  glacial  gravels  of  Hertfordshire  and  Essex 
pass  into  the  brick-earths  and  loams  and  plateau  gravels  of 
the  southern  counties,  and  especially  into  those  beds  known 
as  "  angular  drift ".  The  angular  drift  to  the  south  of  the 
English  Channel  is  marked  by  the  same  Sarsen  stones  and 
the  same  distribution  independent  of  the  contour  of  the 
country,  and  merges  into  the  dUuvium  rouge  and  loams  of 
Central  and  North  Central  France.  These  contain  the  same 
kind  of  land  and  fresh- water  shells  and  other  debris  which 
the  corresponding  beds  do  in  England,  and  the  Sarsens,  the 
debris  of  the  broken-up  eocene  beds,  lie  buried  in  them  in 
the  Somme  valley,  etc.,  in  the  Forest  of  Fontainebleau  and 
in  the  Morvan. 

As  in  England  they  are  covered  with  ''  race  *'  and  loamy 
loess,  so  in  Eastern  France  they  are  similarly  connected  with 
the  true  loess. 

This,  as  we  have  seen,  is  the  case  not  merely  in  the  Old 
World.  In  America  the  same  continuity  exists.  The  tough 
boulder  clays  of  the  north,  with  their  closely  connected  sands, 
pass  into  the  fringes  and  **  extra  morainic  drift,"  and  these 
into  the  yellow  gravels,  and  eventually  into  the  loess. 

The  materials  change,  the  texture  changes,  but  the  one 
supreme  feature  of  a  vast  (to  a  large  extent)  unstratified 
mantle  wrapping  the  country,  irrespective  of  hill  and  valley, 
pervades  the  whole ;  and  if  men  were  free  from  a  priori 
prejudice  in  discussing  it,  they  would  say  that  from  the  North 
Cape  to  the  Carpathians  and  beyond,  from  Cape  Wrath  to  the 
south  of  France,  and  from  Labrador  to  the  Gulf  of  Mexico,  these 
mantles  of  widespread  clay,  sand,  gravel  and  loam,  with  their 
burden  of  erratics,  organic  and  inorganic,  were  due  to  some 
common  cause.     Let  us  now  take  another  step  in  our  journey. 
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CHAPTER  Xm. 

DERIVATIVB  CHARACTER  OP  THE  INORGANIC  CONTENTS  OF 

THE  DRIFT. 

**  There  is  no  field  of  geological  obBervation  where  there  is  more  avidity  in^ 
drawing  hasty  inferences  and  forming  generalisations  from  imperfect  data 
than  in  that  section  which  concerns  itself  with  the  occurrence,  dynamical 
effects  and  hypotheses  of  cansation  in  respect  of  former  glacial  action.'* — 
Johnston,  Olacier  Epoch  of  AustraUuia,  p.  19. 

In  Chapter  XI.  of  this  work  I  argued  that  all  the  d6bri&. 
of  animals  and  plants  which  have  been  treated  as  dating 
from  so-called  glacial  times,  and  have  given  rise,  inter  alia,  to 
the  notion  of  mild  interglacial  climates,  are  in  fact  pre-glacial 
in  the  sense  that  phrase  is  used  by  the  champions  of  the 
glacial  nightmare,  and  further,  that  if  we  are  in  search  of  a 
biological  basis  for  the  theory  of  an  ice  age  such  evidence  is. 
nowhere  forthcoming.  All  that  the  biological  evidence  goes 
to  show  is  that  at  a  certain  critical  juncture  in  the  earth's 
history  there  was  a  great  destruction  of  life  and  the  scattering 
of  its  debris,  and  that  over  this  scattered  debris  were  laid  beds 
of  drift,  which  also  incorporated  into  themselves  as  boulders  a. 
portion  of  the  debris  thus  scattered.  The  remains  of  plants 
and  animals  found  associated  with  the  drift  beds  are  in  fact 
derivative  and  not  vn  situ,  and  they  evidence  an  older  horizon^ 
and  a  time  before  the  drift  was  distributed. 

If  this  was  the  case  with  the  organic  contents  of  the  drift 
beds,  what  about  the  inorganic  ones — the  sands,  clays, 
gravels  and  boulders  of  the  drift  ?  Were  these  the  product 
of  the  grinding  down  of  solid  rocks  by  the  portentous  mill 
so  often  invoked,  namely,  the  ice  age?  or  were  they  also^ 
derived  from  sands,  clays,  gravel  and  boulder  beds  already 
existing  ? 

Prima  facie  it  might  be  expected  that  if  the  former  were 
the  case  the  process  must  have  taken  a  long  time  to  carry 
through,  and  that  in  such  a  case  we  ought  to  have  abundant 
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traces  of  the  life  of  the  period  to  point  to  as  evidence  of  it, 
for  in  the  world  as  we  know  it  no  conditions  of  mere  cold  are 
-sufficiently  severe  to  exclude  the  presence  of  living  forms 
somewhere,  and  if  they  were  excluded  from  the  areas  where 
the  cold  was  most  intense  they  ought  to  be  forthcoming  in 
other  areas.  There  is,  tixdrefote,  Ik  sttong  a  priori  probabiUty 
that  the  inorganic  contents  of  the  drift  beds  hke  the  organic 
ones  are  derivative,  and  that  they  do  not  index  a  long  period 
of  time.  These  inorganic  contents  may  be  examined  in  two 
aspacts-^either  in  regard  to  their  texture  and  form  or  in 
legaid  to  their  distribution « 

No  one  can  have  read  the  literature  dealing  with  the 
surface  beds  of  these  islands  which  has  been  published 
during  the  last  two  decades  without  being  assured  that  a 
^reat  change  has  come  over  the  opinions  of  those  who  hav« 
dtscussed  them.  At  one  time  the  chan4)ione  of  the  glacial 
period  hardly  gave  a  thought  to  the  first  origin  of  the  in- 
organic eontents  of  the  drift.  They  seemed  to  take  it  for 
granted  that  the  sands  and  clays  and  loams,  the  gravels  and 
boulders,  were  the  result  of  the  grinding  of  the  ioe  in  the  ioe 
Age»  and  were  in  fact  some  of  the  best  proofs  of  its  handi- 
work. 

If  ore  recently  another  view  has  been  spreading,  namely^ 
that  most,  if  not  all,  of  these  drift  beds  are  not  the  products  of 
iiie  erosion,  but  are  the  tmuMM  and  redistributed  contents  of 
iimilar  beds  which  were  on  the  ground  before,  and  this  view 
will  I  take  it  prevail  everywhere  presently.  The  inorganic 
contents  of  the  drift  beds  are  in  fact  just  sks  much  derivative 
AS  the  organic  ones.  The  first  and  most  obvious  argtiment 
that  may  be  used  in  this  behalf  is  that  the  contents  of  many 
of  these  beds  are  apparently  not  far  travelled,  but  are  in 
texture  and  form  like  the  beds  underlying  them,  with  the 
single  important  difference  that  they  have  been  rearranged  and 
ledeposited.  If  this  be  so,  then  there  is  Uttle  or  no  necessity 
in  a  work  on  the  so-called  ice  age  for  speculation  about  the 
method  in  which  they  have  been  ground  down  from  a  more  solid 
matrix,  for  that  problem  is  one  connected  with  an  earlier  aga 
It  is  plain  that  at  the  time  when  the  loose  drift  beds  were  laid 
4own  there  were  no  available  exposed  solid  strata  similar  to 
them  in  composition  in  much  of  the  area  to  whieh  we  are  v^ 
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fenring  from  wtuch  they  could  have  been  ground  down  by  any 
piooess,  sinoe  %Q  tlie  solid  beds  were  buried  deep  down  below 
beds  largely  composed  of  soft  materials ;  so  that  if  the  drifts  ave 
^  loeal  origin  they  must  have  been  ready-made  when  they 
were  redistributed.  Let  ns  eacaaune  them  somewhat  more 
in  detail,  and  first  in  regard  to  the  sands.  The  texture  and 
nierosoopic  appearance  of  the  so-called  glacial  sands  is 
Btrongly  in  favour  oj  their  being  old  sands  which  have  been 
used  up  again  and  become  quite  weather*beaten  and  quite  dif- 
ferent to  glacier-made  sand.  Thus,  to  quote  an  example  or  two, 
in  regard  to  the  drift  of  the  Irish  Sea  basin,  Mr.  Mellard  Besde 
aays  that  the  sand  when  separated  from  its  clayey  matrix  is 
much  rounded,  some  of  the  grains  being  extremely  polished 
{Qeol.  Mag.,  1882,  p.  312).  The  same  writer  says  again: 
''The  grains  of  sand  in  the  sands  and  gravels  of  Tryfaan 
are  much  rounded,  water- worn  and  polished.  The  till  also 
contains  a  proportion  of  these  highly  poUshed  grains,  and  oi» 
washing  some  of  the  locally  formed  till  lying  at  a  level  of  800 
feet  above  the  sea  between  The  Bivals  and  Mynydd  Cam- 
^wch  I  found  that  this  also  contained  highly  worn  and 
polished  sand  grains  "  (iM.,  p.  313).  ''  Mechanical  analyses 
of  twenty  samples  of  till  from  the  coastal  plain  near  Tryfaen 
yielded  the  rounded  and  polished  quartz  grains.'*  JBeado, 
who  hae  paid  gr^at  attention  to  these  rounded  and  polished 
sand  grains,  again  says  elsewhere  "  they  distinctly  proclaim 
their  marine  origin  "  {Md,,  p.  314).  He  also  speaks  of  the  suad 
associated  with  the  boulder  clay  at  the  Seacombe  railway 
4mtting  as  consisting  very  largely  oi  highly  polished  and 
rounded  sand  grains,  and  much  worn,  whereas  the  grains  of 
tba  Keuper  sandstones  at  Poulton  are  angular  and  those  of 
the  Bunter  sub-rounded  {Proc.  Li/o.  Q$oL  Soc,  1884-96,  p.  343). 
Lastly,  he  describes  many  of  the  sand  grains,  as  also  the 
fine  gravel  in  the  lower  drifts  of  Lancashire  and  Cheshire,  as 
highly  polished  and  rounded  (OeoL  Mag.,  1896,  p.  488). 

Mr.  F.  W.  Martin  also  speaks  of  the  sand  grains  in  the 
drift  at  Birmingham  as  mostly  rounded  and  cemented  to- 
gether ;  and  of  those  in  the  pockets  of  sand  he  says  they  are 
nmeh  larger  than  those  in  the  red  sandstone  rock,  and 
mo$tiy  rounds  and  smoothed,  and  must  have  been  trans- 
piorted  bfom  a  dwtw/^  iPhil.  Soc.  Birm.,  v.,  p.  368). 
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Apart  from  the  polished,  worn  character  of  the  grains  of 
which  they  are  composed,  the  so-called  glacial  sands  clearly 
proclaim  their  derivative  character  in  other  ways. 

In  East  Anglia  the  drift  beds  in  many  places  consist  of 
sands  which  in  texture,  coloor  and  other  respects  exactly 
resemble  the  red  and  yellow  sands  of  the  crag  beds.  There 
is  no  means  of  exactly  separating  them.  They  run  into  each 
other,  and  in  mapping  them  the  geological  surveyors  have 
confessed  their  inabihty  to  discriminate  them.  The  dis- 
crimination has  in  most  cases  been  quite  arbitrary.  When 
they  are  in  situ  and  apparently  unmoved  they  are  called  crag 
sands,  or  barren  sands  of  the  crag.  Where  they  have  been 
shifted  and  moved  they  are  called  middle  sands  or  glacial 
«ands.  It  seems  as  plain  as  plain  can  be  that  in  this  area 
the  so-called  glacial  sands  are  simply  redistributed  crag,  and 
that  they  are  truly  derivative.  Let  us  turn  to  some  concrete 
'Cases. 

Originally  the  middle  sands  were  classed  with  the  crag, 
and  notably  with  the  red  crag,  over  the  region  of  which  they 
reach  their  greatest  thickness,  and  were  termed  ''the  unpro- 
ductive sands  of  the  crag ".  It  was,  I  believe,  Mr.  Searles 
Wood  who  first  definitely  separated  them ;  but  even  he  says 
that  it  is  not  impossible  that  the  lower  part  of  them,  which  is 
sometimes  very  red,  may  belong  to  the  pebbly  sand  {i.e.,  to  the 
fio-called  Westleton  series),  the  whole  sand  mass  presenting  no 
line  of  division  and  being  unfossiliferous  alike  {Introductum  to 
the  Crag  Mollusca,  p.  xxi). 

The  reasons  Wood  gives  for  separating  the  so-called 
middle  sands  from  the  crag  seem  very  insufficient,  and 
depend  on  the  presence  of  the  Chillesford  beds  between 
the  typical  crag  and  the  so-called  glacial  sands  in  certain 
places ;  but  these  latter  are  very  locally  distributed,  and  seem 
to  me  to  distinctly  belong  to  the  crag  formation,  and  are  now 
generally  so  classed.  In  regard  to  the  evidence  of  the  shells, 
this  has  been  answered  by  Mr.  Horace  H.  Woodward,  and 
I  have  quoted  his  views  on  the  subject  in  an  earher  page. 

It  must  be  remarked  as  very  strong  evidence  of  my  conten- 
tion that  so  great  is  the  difficulty  in  some  cases  of  distinguish- 
ing between  the  true  crag  and  the  so-called  middle  sands  in 
this  area  that  in  many  cases  the  geological  surveyors  have 
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left  the  question  doubtful.  The  texture  and  colour  of  the 
sandy  and  gravelly  beds  and  of  the  loamy  seams  is  the  same 
fts  is  the  fact  that  in  some  cases  the  beds  are  full  of  shells 
-and  in  others  quite  barren,  while,  as  we  have  seen,  the  marine 
shells  are  the  same  in  both,  or,  as  Mr.  Wood  puts  it,  there 
is  not  a  single  shell  in  the  East  Anglian  drifts  which  is  not 
derived. 

In  the  memoirs  of  the  Geological  Survey  for  East  Anglia 
there  are  continual  laments  about  the  difficulty  of  separating 
-the  so-called  middle  sands  or  glacial  sands  from  the  sand 
beds  of  the  Norwich  crag.  Thus,  to  quote  some  examples,  Mr. 
H.  Woodward  says,  in  his  Memoir  on  the  Gotmtry  rotmd  Nor- 
finch,  **In  many  places  there  is  a  considerable  difficulty  in 
drawing  a  definite  line  between  the  glacial  sands  and  the 
Norwich  crag  when  they  do  not  contain  foreign  stones  " 
{op.  dt.f  p.  104).  Mr.  Blake  speaks  of  the  middle  sands  at 
one  place  south  of  Gorleston  as  shelly  for  a  thickness  of 
nine  feet  and  as  having  in  places  the  appearance  of  crag,  the 
fragments  being  very  numerous  (Geology  of  Yarmouth  cmd 
Lowestofty  p.  39). 

Speaking  of  the  red  crag  600  yards  south-west  of  Melton 
Church  in  Suffolk,  Mr.  Dalton  says  before  the  principles  of 
decalcification  and  oxidation  were  recognised,  it  was  figured 
by  Messrs.  Wood  and  Harmer  as  an  example  of  a  mass  of  crag 
undermined  and  partially  surrounded  by  glacial  beds  (Geology 
4jf  Alborottgh,  etc.,  p.  15). 

Two  beds  of  yellow  sand  without  gravel  and  with  some 
comminuted  crag  in  it,  found  at  a  depth  of  eighty  to  eighty- 
three  feet  at  Woodbridge,  were  regarded  by  Mr.  Wood  as  of 
lower  glacial  age,  the  crag  being  remani^  (ihid.,  p.  55). 

Speaking  of  certain  sands  in  a  section  between  Carlton  and 
Bendham,  Mr.  Dalton  says  the  classification  of  the  sands  is 
somewhat  doubtful.  "  Possibly  both  may  be  drift,  but,  on  the 
other  hand,  both  may  be  crag  **  (ibid.,  p.  57). 

Whitaker  in  his  memoir  on  the  Southwold  district  treats 
a  large  portion  of  the  unfossiliferous  sands  as  upper  crag; 
but  he  speaks  of  its  being  almost  impossible  to  draw  a  line  of 
division  in  the  midst  of  a  mass  of  sand  that  is  of  much  the 
same  character  throughout.  Be  treats  the  pebbly  gravel  as  the 
boundary  between  the  crag  and  the  glacial  sands  (op,  dt.,  p.  6). 


_  , » •  •  « 
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The  a^plwution  ol  th^  difficalljj  of  oeparoiiiig  the  two^ 
Mto  of  beds  seoois  ^mple  enoa^.  There  is  no  difiereo^^ 
except  thf^t  of  wrmngemeDt  between  them.  The  same  mga^ 
when  they  oeour  as  hori«oiital  or  undistuifbed  beds  ave  treated 
as  tertiary  saade ;  when  they  have  become  oontorted  and 
dislocated  co:  BUKed  with  foreign  atones  they  are  clasaed  as 
glacial  sands ;  the  fact  being  that  the  latter  are  nothing 
more  than  tertiary  siokI  rvmam^  i.«o  are  derivative.  The 
so-oalled  contorted  drift  is  probably  nothing  more  than  a 
series  of  altematii^  crag  aanda  and  laminated  oli^ys,  whioh 
have  been  twisted  and  contorted  by  some  external  force 
which  has  also  introduced  a  series  of  foreign  bonldera  into 
them.  This  mixing  and  tossing  about  constitute  the  sole 
testimony  they  offer  to  their  being  other  than  true  and 
normal  beds  of  crag. 

While  a  large  part  of  the  so-called  glacial  sands  or  middle 
sands  of  East  Anglia  are  derived  from  the  crag,  the  rest  are^ 
probably  derived  from  the  still  older  sand  beds  of  the  B^gshot 
and  Beading  aeries,  those  tertiaiy  beds  having  doubtleas^ 
before  the  denudation  of  the  Fens  occupied  a  mu(^  larger 
area  in  eastern  England  than  they  do  now. 

In  a  large  number  of  cases  where  these  sands  have  been 
mapped  as  glacial  sands  by  the  geologieal  surveyors,  I  believe 
it  has  been  through  a  mistaken  notion  that  crag  sands,  or 
Bagshot  sands,,  must  neeesaarily  contain  crag  fossils,  or  Bag- 
shot  fossils,  whereas  a  large  portion  of  the  tertiary  sands  are 
barren  and  are  only  fossiliferous  in  places. 

My  own  reading  of  the  evidence  is  that  the  so-caUed 
naiddle  sands  of  East  Anglia  are  nothing  more  nor  leas- 
than  rearranged  and  f^manf^  crag  deposits ;  that  they  mark 
no  geological  period  or  horizon  at  all,  but  simply  a  tran- 
sitory convulsion  during  which  the  previously  regularly  as- 
sorted crag  beds  had  in  some  cases  their  upper  layers,  andt 
in  others  the  whole  mass,  rearranged  and  redistributed,  and 
that  they  have  as  much  to  do  with  any  glacial  conditions  a& 
the  gravel  sand  and  mud  deposited  by  the  Holme  Firth  flood 
had. 

What  is  true  of  the  so-called  middle  sands  of  East  Anglii^ 
seems  to  be  equally  true  of  the  similar  deposits  in  north-weat 
and  north«es»st  England.    The  recognition  of  the  sheila  ini 
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these  beds  as  derivative  pats  them  on  the  same  level  as  the 
similarly  derived  shells  in  Norfolk  and  Suffolk,  namely,  on 
the  horizon  of  the  latest  crag  deposits.  It  has  always  seemed 
curious  that  we  should  have  found  no  traces  of  the  Norwich 
crag  in  western  England ;  but  this  discovery  suppUes  the  gap, 
and  we  may  take  it  that  the  sands  in  which  the  derived  shells 
occur  are  themselves  derivative  sands  and  belong  to  the  crag 
series,  just  as  the  similar  sands  do  in  East  Anglia. 

In  regard  to  the  so-called  middle  sands  of  Lancashire  and 
Cheshire,  my  friend.  Dr.  Bicketts,  speaks  of  them  as  they 
occur  at  Bootle,  as  forming  a  light  green,  sandy  matrix, 
which  is  very  conspicuous  from  its  colour  being  so  different 
to  that  of  the  boulder  clay.  He  adds  that  its  deposition  must 
have  occurred  in  the  same  manner  as  the  patches  of  loose 
sand  frequently  seen  in  the  boulder  clay  which  have  been 
derived  from  the  disintegration  of  triassic  rock,  and  forming 
the  base  on  which  the  boulder  clay  there  rests  {Vroc.  Lvo.  OeoL 
Soe.,  1878-79,  p,  8). 

"  On  examining  the  sands  from  the  glacial  deposits  in  the 
Isle  of  Man  and  generally  throughout  the  east  and  south 
shores  of  the  Irish  Sea  we  find  that  they  are  mostly  of 
triassic  origin  *'  (Herdman  and  Lowson,  Floor  Deposits  of  the 
Irish  Sea,  p.  213). 

The  discovery  by  Jamieson  of  true  crag  beds  in  situ  in 
Aberdeenshire  explains  for  us  the  origin  of  the  sandy  beds 
which  occur  with  the  till  in  north-eastern  Scotland,  and 
point  to  the  matrix  of  those  beds  as  well  as  their  shelly 
contents  being  derivative.  It  is  not  only  the  sands  which 
seem  to  be  thus  derivative,  for  Jamieson  says:  ''If  I  am 
right  in  referring  this  sand  and  gravel  to  the  age  of  the  crag, 
it  will  throw  some  light  upon  the  origin  of  our  chalk  flints, 
for  as  flints  are  common  in  these  beds,  it  would  show  that 
they  could  not  have  been  drifted  hither  during  the  glacial 
period,  but  must  have  existed  in  the  district  before  "  (Qtiart. 
Joum.  GeoL  Soc,,  1860,  p.  372). 

If  we  cross  the  North  Sea  we  can  hardly  doubt  that  those 

geologists  are  right  who  have  considered  a  large  part  of  the 

Geest  and  the  Campinian  sands  of  Holland  and  Belgium  as 

derived  from  the  crag  beds  which  are  so  largely  and  widely 

distributed  in  the  Netherlands. 
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In  Holland,  from  Brabant  to  the  Helder,  the  sorfiftce  beds, 
which  are  classed  by  some  as  glacial,  lie  immediately  on  crag 
beds  which  are  there  developed  on  a  great  scale,  while  there 
are  no  accessible  beds  of  secondary  clay  or  chalk  exposed 
which  could  supply  the  ingredients  for  making  boulder  clays 
like  our  chalky  clay,  etc.  These  so-called  glacial  beds  in 
Holland  consist,  therefore,  merely  of  sands  and  pebbly 
gravels  corresponding  to  the  middle  sands  which  we  have 
been  discussing,  and  consist,  as  the  similar  beds  do  here, 
of  rearranged  crag  beds,  with  a  certain  mixture  of  erratic 
boulders,  and  nothing  more.  The  sandy  matrix  of  the  beds 
is  of  home  growth,  and  simply  testifies  to  the  crag  beds 
having  been  taken  up  by  some  mighty  engine  which  has 
rearranged  and  tossed  them  about. 

M.  Ehe  de  Beaumont  argues  that  the  Campinian  sands 
are  to  all  appearance  derived  from  the  degradation  of  the 
sands  of  the  older  tertiaries,  upon  which  they  rest,  both  at 
Maestricht  and  in  part  of  the  Campine,  while  included  in 
them  are  an  abundance  of  flints  mixed  with  erratics  from 
the  Ardennes  and  the  mountains  skirting  the  Bhine. 

Sir  Charles  Lyell  points  out  the  difficulty  of  distinguishing 
between  the  sandy  base  of  the  loess  and  the  eocene  sands 
upon  which  it  rests,  by  reason  of  the  occurrence  of  a  large 
number  of  derivative  fossils  in  the  former  washed  out  of  the 
latter.  Lyell  also  instances  cases  in  which  M.  Dupont, 
from  this  presence  of  derivative  fossils,  regarded  as  of  loess 
(Campinian)  age  beds  which  he  was  inclined  to  refer  to  the 
eocene.  Searles  Wood  says  that  as  the  Campinian  beds  thin 
out  towards  their  margin  near  the  Ardennes  their  distinction 
from  the  subjacent  eocene  becomes  probably  more  obscure 
than  it  is  further  to  the  north,  where,  from  their  greater 
thickness  and  from  the  presence  of  their  included  erratics,  a 
general  concurrence  of  opinion  exists  as  to  their  occurrence 
beneath  the  loess  {Ann.  Mag,  Nat.  Hist.,  1864,  pp.  9,  10). 

D'Archiac  says  that  in  the  **  Campine  "  as  in  Poland  it  is 
probable  the  sand  has  not  come  very  far ;  and  he  argues  that 
it  is  really  the  rearranged  and  resorted  tertiary  sand  answer- 
ing to  our  upper  crag  {Hist,  des  Progris,  etc.,  ii.,  pp.  142, 
143). 

The  same  writer,  in  his  Histoire  des  Progris,  etc,  (ii.,  pp. 
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142,  143),  speaks  of  the  drift  sands  of  Westphalia  and  of 
Poland  as  rearranged  and  resorted  tertiary  sand  answering 
to  the  English  upper  crag. 

In  regard  to  the  sand  which  forms  so  much  of  the  drift  of 
North  Germany,  the  local  geologists  are  very  unanimous  that 
it  is  in  a  large  measure,  if  not  entirely,  the  rearranged  and 
redistributed  sand  of  the  so-called  brown-coal  formation 
Avhich  constitutes  so  much  of  the  subjacent  strata  under- 
neath the  drift  beds  in  that  area. 

Thus,  as  far  back  as  1821,  Schultz  (in  his  Beitr.  zu  Oeog.,  and 
also  in  his  Orund  und  Aufrissen  zwr  Bergbaukunde,  1823)  urges 
that  the  sand  under  the  blocks  in  Germany  belongs  largely 
to  the  brown-coal  formation,  and  not,  as  Sefstrom  urged,  to 
the  diluvial  time. 

In  America,  again,  it  would  seem  that  the  so-called  glacial 
sands  are  in  great  part  rearranged  beds  of  the  orange  sands 
and  sands  of  the  Lafayette  beds,  which  answer  to  our  crag. 

Prof.  G.  Dawson  describes  the  drift  material  in  the 
prairie  region  of  Lake  Winnipeg  of  North  America  as  con- 
sisting in  great  part  of  local  debris  derived  from  the  im- 
mediately underlying  soft  formations  (Quart,  Jovm.  Qeol.  Soc, 
1875,  p.  611). 

Let  us  now  turn  to  the  boulder  clays.  A  very  new  and 
startling  difficulty  for  the  extreme  glacialists  has  arisen  in  the 
last  few  years  in  regard  to  these  clays.  They  had  very  per- 
tinaciously, and  in  spite  of  all  kinds  of  arguments  to  the 
contrary,  been  explained  as  the  result  of  the  grinding  of  great 
ice-sheets  against  their  beds,  as  in  fact  the  products  of  land 
ice,  and  when  it  was  pointed  out  that  they  were  full  of  shell 
fragments,  these  were  treated  as  boulders.  But  we  cannot 
treat  as  boulders  the  foraminifera  and  ostracoday  which 'are  so 
minute  in  size  and  so  intimately  mixed  up  with  the  clay 
matrix,  and  which  have  been  shown  to  exist  in  such  large 
quantities  in  apparently  all  the  boulder  clays  in  the  maritime 
districts  of  both  Europe  and  America.  Nothing  seems  plainer 
from  the  evidence  of  these  organisms  than  that  the  clays  con- 
taining them  must  be  a  submarine  deposit  and  not  a  deposit 
from  land  ice,  and,  secondly,  that  the  clays  were  not  made  in 
sitUy  but  are  themselves  derived  from  some  submarine  beds  of 
olay  in  which  the  protozoans  lived. 
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If  such  an  ice-sheet  actually  made  these  clays  by  grinding^ 
them  down  from  Silurian  slates,  etc.,  how  came  the  fora- 
miniferal  shells  to  be  there  at  all,  for  they  belong  to  quite  a 
recent  horizon?  And  if  they  did  not  do  so,  but  actually 
belonged  to  the  primitive  beds  whence  the  clays  are  sup- 
posed to  have  been  derived,  which  is  contrary  to  the  view  of 
all  the  experts  who  have  examined  them,  how  is  it  that  the 
f(yrcmin%fera  were  not  ground  down  into  similar  clay?  If, 
on  the  other  hand,  the  clays  were  ready-made  and  contained 
the  foraminifera  distributed  through  them  as  we  find  them, 
then  these  clays  are  derivative,  which  is  the  conclusion  for 
which  I  am  arguing. 

In  regard  to  the  presence  of  these  foraminifera  in  the  clays 
I  will  now  quote  a  few  passages. 

The  first  person,  I  believe,  to  call  special  attention  to  their 
existence  in  the  so-called  glacial  clays  was  Mr.  Jack,  who 
described  them  as  occurring  in  the  till  of  Loch  Lomond  as 
far  back  as  1874  {Trans.  01m.  Oeol.  Sac.,  v.,  pt.  i.,  p.  5). 
Since  then  they  have  been  found  in  many  districts,  and  in 
fact  they  seem  to  occur  in  all  the  so-called  glacial  clays  in 
the  maritime  districts  everywhere. 

In  the  Quarterly  Journal  of  the  Geological  Society,  1874,  pp. 
181-185,  Mr.  Shone  describes  the  discovery  ot  foraminifera  in 
the  boulder  clays  of  Cheshire  (see  also  Midland  Naturalist^ 
1878,  p.  292).  These  foraminifera  were  found  in  the  interior 
of  the  shells  of  Turritellce  and  not  in  the  clay  matrix. 

Among  those  who  have  most  assiduously  examined  and 
reported  upon  their  presence  in  the  clays  none  has  worked 
harder  than  Mr.  Joseph  Wright.  He  tells  us  that  in  regard 
to  the  north-east  of  Ireland  he  found  foraminifera  in  all  the 
clays  in  which  debris  of  shells  had  occurred,  while  he  had 
also  found  them  in  places  where  no  shells  occur,  the  speci- 
mens being  usually  in  the  finest  preservation,  as  if  just 
brought  up  by  the  dredge  from  a  recent  sea  bottom.  "  Nearly 
all  the  foraminifera  so  found,"  he  says,  "  are  now  to  be  met 
with  living  almost  everywhere  around  our  coast  at  moderate 
depths  in  quiet  water  and  where  the  water  is  muddy,  and  we 
may  presume  that  the  microzoa  of  the  boulder  clay  lived 
under  somewhat  similar  conditions."  Generally  speaking,  he 
says,  the  foraminifera  are  smaller  than  living  specimens,  while 
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he  adds  that  tbey  are  all  of  marine  types,  and  that  he 
did  not  remember  ever  finding  a  brackish  water  fcyraminifer 
in  boulder  clay. 

'At  Kill  o'  the  Grange,  on  the  southern  shore  of  Dublin 
Bay,  a  thick  deposit  of  boulder  clay,  capped  by  gravels,  was 
explored  by  Prof.  SoUas  and  Mr.  Praeger.  Specimens  of 
it  were  sent  to  Mr.  Joseph  Wright,  who  described  it  as 
abounding  in  foraminifera,  the  species  being*  such  as  occur  in 
shallow  water  round  our  coasts  (see  lists,  Irish  Naturalist, 
1895,  pp.  324,  325).  Some  of  the  foraminifera,  which  could 
be  readily  distinguished  by  their  chalky  texture,  were  ap- 
parently of  secondary  age,  and  were  probably  derived  from 
liassic  and  cretaceous  beds. 

Mr.  Wright  says  the  foraminifera  from  Ballyrudder,  on  the 
coast  of  Antrim,  are  larger  than  the  normal  size,  and  he 
gives  measurements  of  them  {ibid.,  p.  344,  note).  He  also  refers 
to  the  boulder  clays  at  Ballyhoman  Bay,  County  Down,  and 
Colligan  Bridge,  in  the  same  county,  as  remarkable  for  the 
abundance  of  the  fcyraminifer,  Noriconina  depvessula,  found  there 
{ibid.,  p.  344). 

Mr.  Joseph  Wright  has  further  reported  on  samples  of  clay 
from  what  Mr.  MellardBeade  calls  the  upper  and  lower  boulder 
clay  and  the  associated  sands  near  Liverpool.  In  the  sands 
he  found  no  foramimfera.  This  is  usually  the  case  with  the 
sand.  In  the  upper  clay  they  were  rare,  but  in  the  lower 
clay  they  were  very  abundant,  and  he  publishes  a  list  of 
them  (see  Proc.  Lvv,  Geol  Soc.,  1894-95,  p.  335).  He  foujd  as 
many  as  450  specimens  in  the  sample  from  the  lower  clay,  of 
which  380  belonged  to  one  species,  viz.,  Noriconina  depresstUa, 

Mr.  Wright  also  reported  on  samples  of  clay  from  the  Sea- 
combe  railway  cutting.  He  found  foraminifera  very  abundant 
(see  lists,  ibid.,  pp.  343,  344),  and  says  they  are  such  as  might 
be  foimd  in  any  shallow  water  or  muddy  water  around  our 
coasts.  As  is  usual,  these  foraminifera  from  the  clays  are, 
however,  less  in  size  than  those  now  living. 

In  a  paper  on  the  clay  at  Great  Crosby,  Mr.  Wright 
gives  lists  of  foraminifera  from  two  samples.  He  observes 
generally  about  them :  ''  It  is  interesting  that  here,  as  well  as 
at  Poulton,  Cheshire,  as  also  at  Ballyhoman  Bay,  County 
Down,    and    Colligan    Bridge,    County    Down,    Noricon/ina 
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depresmla  occurs  in  such  great  profusion".  Again  he  says: 
**  To  give  an  idea' of  the  profusion  of  the  foraminifera  in  the 
clay  examined,  I  may  point  out  that  they  occur  at  the  rate 
of  over  half  a  million  individuals  to  the  ton  ".  In  the  same 
paper  is  a  list  of  foraminifera  from  samples  of  the  lower 
boulder  clay  from  the  Blackpool  cliffs  (Proc,  Liv,  Geol.  Soc.,. 
1895-96,  pp.  387-390). 

In  1897  Mr.  Mellaxd  Beade  described  the  contents  of  certain 
clays  from  Llandulas,  etc.,  in  the  Vale  of  Clwyd,  in  which 
Mr.  Wright  found  a  large  number  of  foraminifera.  In  his 
concluding  remarks  Mr.  Beade  says :  ''  It  is  interesting  to 
observe  from  the  lists  and  localities  given  that  the  marine 
boulder  clays  of  Lancashire,  Cheshire  and  Denbighshire  con- 
tain  more  frequently,  and  in  a  much  greater  profusion  than 
was  suspected,  the  tests  of  foraminifera.  As  a  rule  they  are 
found  in  the  finer  or  more  plastic  brown  or  red  boulder  clays  ^ 
which  often  contain  intensely  striated  erratic  stones,  and  they 
occur  in  just  the  sort  of  deposits  in  which  they  are  mostly 
found  at  the  present  day." 

Speaking  of  the  shelly  patches  at  Bridlington,  Lamplugh 
says  "most  of  the  clay  patches  show  a  curious  mixture  of 
dark  green  sand  containing /orammi/iera". 

The  ostracoda  and  foraminifera  from  these  patches  were  de- 
scribed by  Dr.  Crosskey.  In  regard  to  the  ostracoda,  he  saya 
all  the  species  except  two  are  found  in  the  so-called  glacial 
clays  of  the  east  of  Scotland,  where  they  occur  with  arctic 
shel]^.  Of  the  eighteen  species  oi  foraminifera  described  from 
the  Bridlington  beds  by  Prof.  Jones  and  others  in  their 
memoirs,  all  save  one  have  been  found  living  in  the  North 
Atlantic,  and  fourteen  in  the  arctic  seas.  Nearly  all  of  them, 
occur  in  the  Scotch  so-called  glacial  beds  (Qttart.  Joum.  GeoL 
Soc,  1884,  pp.  315-327). 

Dr.  David  Bobertson,  in  his  report  on  the  so-called  glacial 
clays  from  Kintyre,  gives  a  long  list  of  the  foraminifera  they 
contain  (see  Brit.  Assoc.  Rep.,  1896).  He  also  described  the 
tests  of  the  same  organisms  from  the  shell  beds  at  Clava  on 
the  north-east  coast  of  Scotland. 

In  addition  to  the  clays  of  the  north-east  of  Ireland,  Mr. 
Wright  also  reports  on  those  of  the  south-west  of  Scotland  in 
the  neighbourhood  of  Glasgow. 
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There,  he  says,  the  organismB  are  as  perfect  and  fresh  looking 
as  those  found  in  the  boulder  clay  of  Ireland,  a  young  sped- 
men  of  Pelystomella  crispa  from  Hamilton  Hill  being  orna- 
mented with  long  delicate  spines  in  the  finest  preservation. 
Some  of  the  Scotch  specimens  were  larger  than  the  Irish 
ones,  which  are  all  very  small.  In  concluding  his  paper  Mr. 
Wright  says  that,  contrary  to  the  view  of  most  English  and 
Scotch  geologists,  he  was  forced  to  the  conclusion  that  the 
Scottish  as  well  as  the  Irish  boulder  clay  is  a  true  marine 
sedimentary  deposit  (Trans,  Glas,  Geol.  Soc.,  1894,  pp. 
263-272).  In  a  paper  by  Mr.  James  Neilson  {ihid.,  pp. 
274-279),  also  on  the  boulder  clays  of  the  Glasgow  district,  he 
claims  to  show,  to  use  his  own  words,  that  ''  these  remains 
were  not  'boulders'  (if  it  be  permissible  to  call  ek foraminifer 
a  boulder)  at  all,  and  that  the  land  ice  theory  of  the  origin  of 
boulder  clay  must  be  given  up,"  and  he  describes  a  number 
of  localities  near  Glasgow  whence  he  took  the  samples  of 
clay  which  he  forwarded  to  Mr.  Wright  for  examination. 

In  repljring  to  some  criticism,  Mr.  Beade  said  :  ''  The  late 
Dr.  Robertson  examined  boulder  clay  from  the  Atlantic 
Docks,  Liverpool,  for  the  author,  and  the  Ust  of  foraminifera 
is  given  in  his  paper  on  the  drift  beds  of  the  north-west  of 
England.  It  was  not,  however,  until  the  boulder  clays  in 
the  Wirral  railway  cutting,  Cheshire,  were  examined  by  Mr. 
Wright  and  found  to  be  rich  in  foraminifera  that  the  author 
realised  the  importance  of  the  subject.  Since  then  many 
samples  of  clays  from  Great  Crosby,  Lancashire,  Blackpool, 
the  Vale  of  Clwyd  and  Ayrshire  have  been  examined  by  Mr. 
Wright  with  the  same  result,  .  .  .  the  facies  being  very 
similar  from  all  the  locaUties  in  England,  Wales  and  Scot- 
land" (QtUM-t.  Joum.  Geol  Soc.,  1897,  pp.  342-348). 

The  boulder  clays  of  the  Baltic  lands  are  also  in  many 
places  charged  with  foraminifera  and  ostracoda.  Some  of 
these  are  supposed  to  be  derived  from  secondary  rocks, 
chiefly  cretaceous,  but  this  is  only  a  certain  portion,  the  rest 
being  clearly  of  pleistocene  age,  as  the  similar  microzoan 
remains  are  in  Britain  and  America.  They  have  occurred  in 
various  places  in  Denmark,  Holstein,  the  Danish  islands, 
Sweden,  etc.  In  Holstein  and  Denmark  Madsen  has  made 
a  special  study  of  the  foranadniferal  fauna,  and  found  it  to  be 
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much  more  widely  distributed  in  the  clay  beds  than  had  been 
supposed.  A  rich  deposit  has  been  described  from  Besbierge 
Elint  in  the  island  of  Langeland  by  F.  Andersson.  At 
Dombusch  in  Bugen  ozircuioda  and  forammifera  have  occurred 
in  the  so-called  Gyiherorthon  and  are  referred  to  by  Madsen  and 
H.  Munthe,  the  latter  of  whom  has  described  them  at  great 
length  in  his  memoir,  Ueher  dltere  Qtiartd/rablagerungen  in  Siid- 
bcUtischen  Gebiete,  pp.  40-50.  A  similar  find  is  reported  by  B. 
Credner  from  the  east  coast  of  Jasmund  in  Bugen  (ibid.y  p. 
51).  Munthe  describes  a  large  number  of  foraminifera  from  the 
boulder  clay  of  the  island  of  Alsen  in  Schleswig  {ibid.,  p.  60, 
etc.),  from  Bogle  Klint  in  Fiinen  {ibid,,  pp.  85,  86),  Tarbek  in 
Holstein  {ibid.,  pp.  88, 89),  and  Burg  in  Ditmarsh  {ibid.,  p.  94). 

In  his  Canadian  Ice  Age  Sir  William  Dawson  gave  an  an- 
notated list  of  the  foraminifera  found  in  the  Leda  and  other 
clays  of  Canada  at  Montreal,  Quebec,  Murray  Bay,  Anticosti, 
Bivifere  du  Loup,  Portland  (Maine),  Labrador,  and  British  Co- 
lumbia, and  he  says  that  most  of  the  species  still  inhabit  the 
gulf  and  river  St.  Lawrence,  and  are  indicative  of  depths  not 
exceeding  100  fathoms.  The  foraminifera,  he  says,  are  very 
generally  diffused  in  the  pleistocene  clays,  and  are  usually  in 
as  fine  preservation  as  recent  specimens,  especially  in  the 
deeper  and  more  tenacious  layers  of  the  Leda  clay  {op.  cit., 
pp.  211-216). 

In  a  paper  headed  ''Are  the  boulder  clays  of  the  great 
plains  marine?"  the  late  Dr.  G.  Dawson  gives  the  result 
of  the  examination  of  some  samples  of  American  boulder 
clays  by  Mr.  J.  Wright.  These  comprised  four  speci- 
mens from  the  interior  of  the  country ;  two  from  the  Sas- 
katchewan Biver,  twelve  miles  below  Victoria,  1,850  feet 
above  the  sea  level;  another  from  near  Victoria,  from 
1,900  feet  above  the  sea;  a  fourth  from  Selkirk,  Bed 
Biver,  Manitoba;  and  a  fifth  from  Ottawa,  in  Canada. 
Mr.  Wright  reported  that  he  had  found  foraminifera  and 
radiolaria  in  the  specimens  from  the  Saskatchewan,  of  which 
he  says,  **  1  am  of  opinion  they  are  contemporaneous  with 
the  clay,  and  not  derived  from  cretaceous  strata.  All  the 
species  were  referable  to  recent  species,  and,  with  the  ex- 
ception of  Cristellaria  Italica  and  Botalia  orbicularis,  have 
been  found  in  the  boulder  clay.     Nonionina  depresstda  is  the 
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most  abundant  form  in  our  boulder  clay,  and  it  is  instructive 
to  find  the  species  so  common  with  us  also  occurring  in  your 
<t.e.,  in  the  American)  clay.  BoUvina  lavigata,  Cristellaria 
ItcUica^  as  also  some  of  the  other  specimens,  have  the  clear 
hyaline  lustre  of  recent  specimens."  ''If  cretaceous  (as  had 
been  suggested),  we  should  expect,"  he  says,  *'  to  find  Globigerina 
cretacea  and  Textvlaria  globtUosa  plentiful."  The  cretaceous 
foraminifera  which  he  had  examined  from  America  were  filled, 
says  Mr.  Wright,  with  calcite,  differing  in  that  respect  from 
most  of  those  of  the  same  age  in  Great  Britain,  but  none  the 
less  stony  and  unlikely  to  float  during  the  treatment  of  the 
clays.  In  Yorkshire  he  had  met  with  clays  containing  about 
equal  proportions  of  cretaceous  and  pleistocene  foraminiferay 
but  found  no  great  difficulty  in  separating  the  two  lots  by  the 
criteria  already  alluded  to  (Dawson,  op,  ct^,  p.  258,  etc.). 

Turning  from  the  evidence  of  the  foraminifera  they  contain, 
to  the  nature  of  the  clays  themselves,  those  who  have  studied 
them  in  East  Anglia  are  generally  agreed  that  they  are  very 
largely  redistributed  secondary  and  tertisu^  clays  and  have 
been  derived  from  the  latter  horizons.  This  view  in  regard 
to  them  was  first  expressed  in  regard  to  the  so-called  chalky 
clay  of  eastern  England. 

I  prefer  to  call  it  the  chalky  clay,  as  Searles  Wood  named 
it,  rather  than  the  chalky  boulder  clay,  because  boulders  in 
the  true  sense  of  the  word,  such  as  characterise  the  genuine 
boulder  clays  of  North  Britain,  are  infrequent  in  it.  The  term 
chalky  applied  to  this  clay  depends  on  the  fact  that  it  is  more 
or  less  crowded  with  chalk  rubble  and  chalk  fragments  of 
various  sizes,  and  that  it  has  also  incorporated  in  it  a  con- 
siderable quantity  of  chalk  dust,  whence  its  colour  and 
superficial  appearance.  These  peculiarities,  which  mark  it 
over  a  wide  area  from  Yorkshire  to  Finchley,  and  from 
Southwold  to  Warwickshire,  are,  nevertheless,  a  secondary, 
and  not  a  primary,  feature  of  the  clay,  and  have  disguised 
and  confused  the  problem  of  its  explanation. 

Mr.  H.  Woodward  says:  "The  occurrence  of  the  chalk 
lumps  in  the  clay  may  perhaps  be  accounted  for  in  the  fol- 
lowing way.  The  surface  of  the  chalk  in  Norfolk  along  the 
sea  margin,  and  in  places  inland,  is  seen  to  have  weathered 
in  a  veiy  rubbly  form  to  a  depth  sometimes  of  six  or  eight 
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feet.  Frost  and  rains  have  no  doubt  been  the  chief  influ- 
ences in  producing  this ;  and  this  weathered  chalk  would 
furnish  'ready-made'  the  very  material  for  the  chalky 
boulder  clay  which  consists  so  largely  of  lumps  of  chalk 
which  have  not  necessarily  been  rounded  by  rolling"  (iWd.^ 
p.  123). 

It  has  been  noticed  by  several  writers  that  while  there  is  a 
common  appearance  to  this  chalky  clay  wherever  found,  due 
to  the  fact  that  it  contains  much  debris  of  chalk  strata,  yet  in 
regard  to  its  other  contents,  and  notably  its  matrix,  it  varies 
in  accordance  with  the  composition  of  the  beds  over  which 
it  lies,  that  is,  with  the  substratum.  This  fact  has  been 
frequently  noticed,  and  was,  so  far  as  I  know,  first  observed 
by  the  Bev.  W.  B.  Clarke,  who,  writing  as  far  back  as  1837, 
says :  **  The  diluvial  clay  covers  a  great  portion  of  Suffolk, 
Norfolk,  Cambridgeshire  and  Essex,  and  at  Cromer  rises  to 
400  feet ;  much  of  it  is  yellowish,  but  the  greater  part  blue. 
In  both  cases  it  contains  chalk  pebbles,  sometimes  in  layers, 
but  generally  dispersed.  This  at  once  distinguishes  it  from 
the  London  and  plastic  clays."  Mr.  Clarke  then  goes  on  to 
argue  that  "  the  yellow  clay  was  derived  from  the  plastic,  and 
the  blue,  from  its  peculiar  fossils,  from  the  clay  below  the 
chalk  "  (GfioZ.  Trans,,  2nd  series,  v.,  p.  365). 

These  observations  of  a  good  geologist  have  been  amply 
confirmed  by  later  explorers.  Thus  Mr.  Skertchly  says, 
speaking  of  the  Chalk,  the  Kimeridge  and  Oxford  clays  :  "  We 
find  that  the  boulder  clay  lying  upon  these  rocks  partakes  of 
their  physical  character.  Thus,  upon  the  chalk  the  boulder 
clay  is  very  chalky,  and,  indeed,  in  some  places,  as  at  Mare- 
ham  le  Fen  in  Lincolnshire,  and  Thetford  in  Norfolk,  it  is 
almost  entirely  made  up  of  that  substance ;  at  the  former 
place  it  is  quarried  and  burnt  for  lime,  and  at  the  latter  the 
presence  of  seams  of  clay  and  ice-scratched  flints  alone 
enables  us  to  discriminate  between  it  and  the  chalk  beneath. 
The  Kimeridge  clay  is  darker  than  the  Oxford  clay,  and  we 
accordingly  find  the  boulder  clay  which  reposes  upon  the 
former  is  darker  than  that  which  lies  upon  the  latter.  Where 
boulders  are  rare,  it  is  sometimes  very  difficult  to  distinguish 
the  boulder  clay  from  the  older  rocks.  The  gault  clay 
again  takes  the  ground  in  but  a  small  area  in  the  Fens,  but 
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the  boulder  clay  '  picks  it  out '  as  it  were,  and  at  Modney 
Bridge  brickyard,  near  Hilgay,  for  example,  I  have  known 
the  glacial  bed  to  be  mistaken  for  gault  by  persons  quite 
familiar  with  the  latter."  ''  Similar  remarks,''  says  Mr. 
Skertchly,  **  apply  to  all  other  formations  upon  which  I  have 
mapped  boulder  clay.  For  example,  the  light  blue  upper 
lias  clay  of  Leicestershire  impresses  its  character  upon  the 
boulder  clay  which  overlies  it,  and  the  other  members  of  the 
liassic  group,  where  they  are  in  force,  behave  in  a  similar 
manner.  The  great  Lincolnshire  (inferior)  ooUte  limestone 
around  Melton  Mowbray  yields  so  large  a  quantity  of  material 
to  the  boulder  clay  there,  that  I  have  been  in  doubt  as  to 
whether  the  deposit  might  not  be  faulted  limestone.  These 
pecuharities  are  at  once  and  correctly  expressed  by  the  state- 
ment that  the  ingredients  of  the  boulder  clay  are,  for  the 
most  part,  supplied  by  rocks,  upon  or  near  which  it  reposes. 
That  this  is  actually  the  case,  and  not  an  accident  of  colour, 
is  further  attested  by  the  included  fossils :  Gryphaa  dilatata 
and  Belemnites  Oweni,  for  example,  are  abundant  upon  the 
Oxford  clay,  and  Ostraea  delUndea  upon  the  Kimeridge  clay  '* 
(Skertchly,  communication  to  Geikie's  Great  Ice  Age,  new 
edition,  p.  346). 

Elsewhere  Mr.  Skertchly  says :  **  The  Kimeridge  clay  is 
easily  recognised  by  its  peculiar  dark  blue  colour.  Boulder 
clay  over  the  area  in  which  Kimeridge  clay  takes  the  ground 
is  very  largely  composed  of  the  latter,  insomuch  that,  to 
take  two  cases  far  removed  from  each  other,  about  Woodhall 
Spa  and  March,  careful  examination  alone  shows  that  it  is  a 
glacial  deposit  at  all.  ...  So  too  with  the  Oxford  clay.  It 
impresses  its  hght  blue  character  upon  the  boulder  clay  in  a 
most  striking  manner,  as  may  be  seen  wherever  it  outcrops. 
...  In  Uke  manner,  I  might  turn  to  the  various  formations 
over  which  I  have  mapped  this  interesting  deposit,  and  show 
how  in  every  case  the  boulder  clay  is  made  up  of  the  wreck 
of  the  subjacent  rocks." 

The  chalky  character  itself  of  the  clay  in  certain  districts 
is  simply  due  to  its  being  upon,  or  in  close  proximity  to,  the 
chalk  in  situ,  and  there  is  no  justification  for  constituting  the 
chalky  clay  a  separate  horizon.  It  is  because  the  chalk 
occupies  so  much  of  the  area,  and  is  itself  so  easily  dis- 
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integrated,  that  the  name  chalky  clay,  rather  than  oolitic 
clay  or  liassic  clay,  has  been  given  to  it. 

The  lesson  I  wish  to  dedace  from  these  facts  is  that  the 
-chalky  nature  of  this  clay  in  certain  places  is  no  criterion  of 
a  separate  origin  and  a  separate  history  for  the  deposit.  It 
means  no  more  than  that  the  same  clay,  where  it  Ues  on  or 
near  chalk,  is  chalky  ;  where  it  lies  on  or  near  ooUtic  beds,  is 
largely  oolitic ;  and  where  it  lies  on  or  near  liassic  beds,  is 
liassic.  Where,  again,  it  is  remote  from  chalk,  chalk  debris 
is  necessarily  not  present  in  it,  and  yet  the  clays  may  be, 
:and  probably  were,  distributed  by  the  same  forces,  and  were 
differentiated  from  each  other  only  as  the  sandy  deposits  of 
one  part  of  a  bay  are  differentiated  from  the  muddy  deposits 
•of  another  part  of  it.  The  fact  is  that  the  chalky  clay,  which, 
in  the  eyes  of  so  many  geologists,  forms  a  deposit  which  is 
treated  as  9ui  generis,  and  as  marking  a  particular  horizon,  is 
nothing  of  the  kind,  but,  as  I  believe,  is  merely  a  local  form 
of  other  clays  occurring  in  eastern  England,  which  do  not 
•contain  chalk  debris,  but  which  resemble  it  in  other  respects, 
tknd  which  are,  so  far  as  we  know,  interlocked  with  it  or 
mark  the  same  horizon.  Instead  of  there  being  several 
superficial  clays  in  eastern  England,  whose  various  names, 
such  as  stony  clay,  or  hessle  clay,  or  purple  clay,  etc.,  sug- 
gest a  varying  origin,  it  is  very  probable  there  may  be  only 
one  such  clay,  marked  in  different  areas  by  necessarily 
different  characters,  pointing,  not  to  a  different  date,  but  to 
•different  ingredients,  and  perhaps  a  different  provenance, 

Mr.  H.  B.  Woodward,  speaking  of  the  constituents  of  the 
boulder  clays  of  South  Norfolk  and  of  Suffolk,  says:  **0f 
these,  oolitic  material  is  conspicuous,  and  the  great  clay 
formations  like  the  has,  the  Oxford  clay  and  the  Kimeridge 
•clay,  appear  to  have  suffered  more  in  the  formation  of  this 
boulder  clay  than  the  oolitic  limestones  which  usually  in- 
tervene between  them"   {Glacial  Drifts  of  Norfolk,  p.  117). 

Again,  he  says :  ''  In  studpng  the  junctions  of  boulder  clay 
with  various  deposits  on  which  it  rests  we  sometimes  find,  as 
in  West  Norfolk,  that  on  the  chalk  the  line  of  demarcation  is 
most  obscure.  It  is  difficult  to  say  when  the  chalk  ends  and 
the  boulder  clay  begins.  In  this  way  we  may  account  for 
^ome  of  the  very  marly  varieties  of  the  boulder  clay,  which 
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in  places  are  little  else  than  ground-up  chalk.  The  Bev.  0. 
Fi^er  has  spoken  of  such  drift  as  an  ancient  manufacture  of 
whiting  *  on  a  magnificent  scale '  "  (tfeii.,  p.  121).  Quite  so : 
but  the  whiting  was  manufactured,  so  far  as  we  can  see^ 
before  the  drift  was  distributed,  and  was  merely  distributed' 
with  it. 

The  Bev.  E.  Hill  says  the  matrix  of  the  East  Anglian 
boulder  clay  seems  chiefly  Eimeridge  clay,  while  that  of  the- 
Midlands  is  keuper  and  lias  (GeoZ.  Moug,,  1895,  pp.  555-557). 

In  regard  to  the  soft  deposits  over  parts  of  London,  Dr. 
Hicks  says  it  is  quite  possible  to  mistake  the  brown  clay 
which  overlies  the  gravels  where  it  happens  to  be  free  from 
stones  for  weathered  London  clay.  He  then  goes  on  to  say^ 
he  had  recognised  this  clay  with  ''  race  "  containing  included 
patches  of  gravel  in  cuttings  several  feet  thick  in  several 
places,  and  adds:  ''The  presence  of  the  gravel  patches  clearly 
proves  that  it  is  not  London  clay,  hut  a  redeposited  clay  derived' 
mainly  from  the  denudation  of  the  London  clay.  This  redeposited 
clay  can  generally  be  differentiated  from  the  London  clay, 
not  only  because  it  frequently  contains  '  race '  and  patches. 
of  sand  and  shows  bluish  streaks  due  to  the  percolation  of 
water  saturated  with  carbonate  of  lime,  but  also  because  of 
the  manner  in  which  it  crumbles,  when  dry,  into  irregular 
fragments.  London  clay,  even  when  much  weathered,  still^ 
retains  evidences  of  lamination,  and  is  easily  split  along  well- 
defined  lines.  With  the  remaniS  clay,  on  the  other  hand^ 
unless  near  the  base,  where  it  is  usually  more  or  less  sandy,, 
there  is  little  evidence  of  lamination''  (Qvart,  Joum.  Oeol.  Soc,^ 
xlviii.,  p.  460).  Beferring  to  the  deposit  in  Gordon  Square^ 
he  says  he  found  in  the  gravelly  clay  many  fragments  and 
several  well-preserved  specimens  of  shells  which  had  evidently 
been  derived  from  the  London  clay.  This  find,  he  says,  is 
important  not  only  as  proving  that  much  of  this  yellow  clay 
must  have  been  derived  from  the  London  clay,  but  also  as- 
showing  from  the  condition  in  which  the  specimens  were- 
found — ^their  occurrence  at  one  place  only,  and  at  that  place- 
in  fair  abundance — that  they  must  have  been  transported. 

A  good  proof  that  the  boulder  clays  of  Eastern  Britain* 
were  of  local  origin  and  were  not  far-travelled  is  to  be  found 
when  we  examine  the  so-called  glacial  beds  of  the  Nether- 
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lands,  where  similar  foreign  stones  and  erratics  to  those 
found  in  Britain  occur,  and  where  there  are  no  boulder 
clays.  If  the  latter  had  been  far-travelled,  and  had  come 
from  where  the  supposed  ice  culminated,  we  should  have 
had  them  present  in  the  Netherlands  as  they  are  here.  Here 
they  were  ready-made  to  its  hand  when  the  distributor  of 
the  drift  acted  upon  it  in  the  various  secondary  beds ;  there 
there  were  no  such  beds  available,  and  the  clay  is  largely 
wanting  in  the  drifts. 

Mr.  Searles  Wood,  junior,  says  that  the  Hesbayen  mud  (ar- 
gillaceo-sandy  beds  in  Belgium)  becomes  on  the  extreme  east  of 
'Suffolk  more  clayey,  but  yet  less  so  than  further  to  the  west, 
and  its  included  chalk  debris  are  there,  but  scanty ;  while  as 
we  go  westwards,  and  approach  the  region  of  the  oolitic 
-clays,  from  which  so  much  of  the  argillaceous  material  of  the 
boalder  clay  of  the  east  of  England  has  been  derived,  the 
clayey  character  of  the  deposit  becomes  more  decided.  Ap- 
proaching the  chalk  district,  as  well  as  over  it,  the  exten- 
sive intermixture  of  chalk  detritus  shows  that  the  adjacent 
material  largely  contributed  to  the  sediment,  and  that  little 
or  nothing  was  derived  from  the  Hesbayen  area  {Ann,  Mag, 
Nat.  Hist.,  1864,  pp.  12,  13). 

In  the  west  and  centre  of  England,  where  the  Eimeridge 
and  associated  clays  are  absent,  we  have  the  triassic  clajrs  and 
marls,  which  have  been  apparently  the  mother  source  whence 
many  of  the  local  clays  have  been  derived. 

Mr.  Wyley,  in  describing  a  clay  pit  near  Lappal  Tunnel, 
mentions  a  curious  intrusion  of  marl  very  like  the  ordinary 
red  marl  forming  the  upper  part  of  the  new  red  sandstone, 
but  seen  here  among  the  coal-measure  clays  of  the  small 
spur  of  the  clay  field.  A  subsequent  visit  led  to  the  con- 
clusion that  these  marls  were  boulder  clay,  though  largely 
derived  from  the  red  marl  of  the  neighbourhood,  which  gives 
them  very  much  the  appearance  of  the  red  marl  itself ;  but 
the  intercalated  beds  of  fine  sand  and  seams  of  fine  gravel, 
containing  pebbles  of  syenitic,  granitic  and  felspathic  trap  of 
various  kinds,  are  foreign  to  the  neighbourhood,  though  some 
of  them  may  be  secondarily  derived  from  the  Permian  breccia 
of  the  Lickey  or  Clent  Hills  which  is  traceable  to  within  a 
mile  of  the  beds  in  question  {Proc.  Dudley  Qeol.  Soc.,  iv.,  p.  50). 
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Carvell  Lewis,  speakmg  of  the  so-called  till  at  California, 
near  Birmingham,  says:  ''I  find  it  simply  the  rewashed 
underlying  Permian  marl  covered  by  torrential  gravel.  A 
local  clay  similarly  made  out  of  a  mezozoic  clay  occurs  at 
B^gby  "  {Glacial,  Geology  of  QrecU  Britain,  p.  64), 

Deeley  speaks  of  the  clayey  matrix  of  the  boulder  clay  at 
Spondon,  near  Derby,  as  being  formed  chiefly  of  coal-measure 
•clay  with  varying  proportions  of  Eeuper  marl  (Quart.  Joum, 
Geol  Soc.,  1886,  p.  448). 

Speaking  of  the  grey  drift  clays,  Munthe  says  of  the 
deposits  in  the  island  of  Alsen:  "An  der  genannten  Land- 
spitze  erreicht  der  Geschiebemergel  eine  Machtigkeit  von 
etwa  10  Meter  und  enthalt  hier  grossere  und  kleinere  Par- 
tien  von  einen  dunkeln  fossilienfiihrenden  Tertiarenthony*  etc. 
{SkuUen,  etc,  p.  54). 

Another  very  important  proof,  as  it  seems  to  me,  that  the 
clays  and  sands  which  form  such  a  large  part  of  the  drift 
beds  already  existed  as  clays  and  sands  in  tertiary  times, 
and  were  only  redistributed  and  not  manufactured  in  the  so- 
called  glacial  age,  is  to  be  found  in  the  very  familiar  fact 
of  the  incorporation  in  the  clays  of  great  masses  of  un- 
-disturbed  sands ;  and  in  the  sands  of  masses  of  undisturbed 
clays,  which  have  been  taken  up  en  masse  where  they  lay  and 
iiransported  as  boulders.  A  few  examples  will  be  very  ger- 
mane to  this  inquiry. 

Dr.  Bicketts  has  recorded  some  interesting  observations  on 
this  subject.  ''  Among  the  erratics  in  the  boulder  clay,"  he 
flays,  ''  may  be  included  masses  of  unconsolidated  sands  and 
gravels  often  alluded  to  by  local  geologists  as  '  pockets  of 
fland,'  etc.  The  materials  resemble  accumulations  situated 
in  the  bottoms  of  valleys  as  a  bed  upon  which  the  boulder 
clay  reposes.  Their  general  shape  is  comparable  to  that  of 
the  section  (representing  masses  containing  a  remarkable 
collection  of  dark  green  blocks  of  disintegrated  traps,  un- 
mixed with  other  boulders)  exposed  in  1878  during  the 
construction  of  the  Bootle  Dock.  These  were  imbedded 
in  a  light  green  sandy  matrix,  and  formed  accumulations 
which  were  very  conspicuous,  the  colour  being  in  marked 
contrast  to  that  of  the  boulder  clay ;  their  disintegration 
must  have  been  due  to  the  same  causes  as  that  of  some 
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boulders  of  granite  and  trap  to  be  alluded  to  hereafter. 
When  brick-making  was  in  progress  behind  the  Mission 
House  in  Borough  Boad,  Birkenhead,  several  blocks  (five 
or  six)  of  sand  and  clay  were  exposed ;  they  contained  a 
few  erratic  pebbles  as  well  as  bands  an  inch  or  so  thick  of 
vegetable  mould.  In  one  the  clayey  and  carbonaceous  beda 
were  so  doubled  on  themselves,  being  bent  at  the  flexure, 
as  to  squeeze  away  the  clay.  In  this  case  also  the  loose  sand 
has  fallen  away  and  spread  from  the  mass  as  it  settled  down 
in  the  boulder  clay.  One  piece  exhibited  spots  of  carbona- 
ceous matter  which  are  probably  rootlets  of  plants.  Mr.  D. 
Mackintosh  has  found  plant  remains  in  boulder  clay  near 
Crewe,  and  Mr.  T.  Ward  of  Norwich  a  firagment  of  wood 
obtained  at  a  depth  of  thirty-five  feet  in  undisturbed  boulder 
clay.  Blocks  of  the  boulder  clay  itself,  which  would  escape 
notice  should  they  occur  in  the  boulder  clay  proper,  in  con- 
sequence of  its  identity  with  them,  have  been  frequently^ 
observed  in  those  stratified  sands  and  gravels  which  cover 
the  bottoms  of  pre-glacial  valleys,  such  as  Happy  Valley. 
Similar  blocks  also  occur  in  the  sandy  boulder  clay  which 
immediately  overlies  these  sands  and  gravels.  Mr.  A. 
Strahan,  F.G.S.,  tells  me  he  has  observed  them  under 
similar  conditions  in  other  places'*  {Q^art,  Joum.  Geol.  Soc,^ 
1885,  pp.  592-594). 

Lamplugh,  in  a  letter  to  the  OeologiccU  Magazine ,  describes- 
how  the  sandy  patches  in  the  boulder  clay  at  Bridlington 
and  Dimlingtou  are  clearly  transported  and  derivative.  He 
argues  this  from  their  not  showing  any  signs  of  extension 
or  regularity,  at  both  places  exhibiting  the  same  kind  of 
remnants,  and  the  patches  composed  of  many  kinds  of  sand^ 
gravel,  silt  and  clay,  some  with  shells  of  one  kind  and  some 
of  another,  many  with  none,  and  all  occurring  at  random  in 
the  boulder  clay  like  boulders.  Most  of  the  patches  are 
formed  of  materials  not  to  be  obtained  on  this  coast  at  the 
time ;  coarse  grains  of  greenish  quartz  form  much  of  the 
sand,  while  the  fine  blue  clays  have  in  great  part  come  firom 
the  waste  of  soft  Neocomian  beds.  Great  boulders  of  liassic 
chalk,  with  lines  of  black  flints  in  it  and  of  Neocomian  beds, 
occur  in  the  clays  just  Uke  these  *'  boulders  "  of  shelly  sand 
(op.  cit.,  1882,  pp.  383,  384). 
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In  a  later  paper  he  speaks  of  the  boulder  clay  at  Bridling- 
ton as  containing  m^ny  crushed  masses  of  sand,  and  sandy 
gravel  and  clay  of  all  sizes  and  shapes,  some  as  seen  on  the 
beach  in  horizontal  section  appearing  more  or  less  round  and 
coherent,  others  occurring  as  long,  thin,  sometimes  inter- 
mittent streaks  between  slabs  of  boulder  clay,  with  every 
form  between  these  extremes.  The  lithological  character  of 
the  masses  also  varies,  some  consisting  of  clay  alone,  blue, 
brown  or  leaden  hued ;  others  of  clay  mixed  with  sand ; 
others  of  gravel  and  sand  with  little  clay.  One  of  the  largest 
of  the  masses  consisted  in  part  of  roughish  gravel,  the  larger 
pebbles  being  about  the  size  of  a  small  orange,  thoroughly 
water-worn  and  rounded,  and  including  black  flint,  red  flint, 
nodules,  some  apparently  Neocomian,  others  probably  liassic, 
yellow  clay  stone,  several  varieties  of  basalt,  brown  quartzite, 
dark  volcanic  ash  and  other  unknown  volcanic  rocks. 
Shells  of  TMvna  with  valves  closed  were  found  in  the  clay, 
and  were  filled  vnth  sand,  none  of  which  sandy  matrix 
appeared  outside  the  shells.  The  shells  of  Pholas  crispata 
were  generally  found  in  a  blunt  cylinder  of  hard  sand,  which 
forms  a  faithful  cast  of  the  lower  part  of  its  boring.  This 
cast  often  contained  other  shells,  ''  and  was,  of  course,  a 
sample  of  the  sea  bottom  on  which  the  mollusc  lived.  The 
sand  though  lighter  in  colour  was  like  that  generally  diffused 
through  the  clay  masses."  Mr.  Lamplugh  thinks  the  shells 
which  lived  in  the  sand  bored  down  into  the  stiff  clay, 
which  again  points  to  the  clay  before  it  was  redistributed 
being  of  older  date  than  the  so-called  glacial  age.  In  regard 
to  the  general  question  of  the  derivative  character  of  the 
included  masses,  he  says :  *'  The  great  similarity  between 
the  general  aspect  of  the  masses  in  localities  so  far  apart  as 
Bridlington  and  Dimlington ;  their  ever-varying  lithological 
character ;  their  composition  (which  makes  it  improbable 
that  they  have  been  formed  from  the  waste  of  rocks  in  the 
neighbourhood) ;  the  composition  of  the  boulder  clay  in 
which  they  are  contained,  which  is  strikingly  unlocal,  its  very 
flints  being  such  as  do  not  occur  in  the  Yorkshire  chalk ;  the 
marine  debris  so  plentifully  dispersed  in  the  boulder  clay — 
all  point  to  the  masses  having  performed  no  inconsiderable 
journey  "  {Quart.  J(mm.  Oeol.  Soe.,  1884,  pp.  314-318). 
II.  IS 
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In  a  report  presented  to  the  British  Association  in  1888, 
Mr.  Lamplogh,  speaking  of  the  Bridlington  drift,  says  : 
^'  The  inclusion  of  other  beds  is  its  most  characteristic 
feature.  In  the  section  reported  apon»  these  patches  were 
of  chalk  rabble  or  of  clayey  silt  and  sand,  but  farther  east 
the  lowest  boalder  clay  incladed  transported  masses  of  Speeton 
clay  mixed  with  some  red  chalk,  while  at  Bridhngton  Qaay 
and  elsewhere  some  of  the  patches  of  clay  and  sand  which 
it  encircles  are  rabbly,  fossiUferoos,  and  form  the  deposit 
long  known  as  '  the  Bridlington  crag '  "  {cfp,  eiX,^  p.  9). 

Lastly,  Lamplagh  describing  the  drift  beds  at  Flamborough 
Head  says  that  the  till  has  at  this  place  a  curious  and  in- 
teresting layer  of  blue  clay,  which  upon  examination  proves  to 
have  been  chiefly  derived  from  the  Neocomian  and  Eimeridge 
clays,  for  which  the  nearest  locahty  is  the  Vale  of  Pickering, 
seven  miles  distant.  This  is  shown  by  such  characteristic 
fossils  as  Belemmtet  jaciUvm  of  the  Mid  and  Lower  Neo- 
comian, B.  lateralis  and  Exogyra  sinuata  of  the  Lower 
Neocomian,  etc.,  with  nodules  of  weathered  pyrites  from  the 
Upper  Neocomian,  and  with  a  few  small  red  chalk  pebbles. 
Traces  of  the  bed  first  occur  at  the  Fog  Gun  House,  and 
it  may  be  followed  for  several  hundred  yards.  In  places  it 
consists  of  pure  Neocomian  clay  simply  removed  and  in  the 
condition  of  a  boulder,  but  oftener  it  has  a  few  red  and  white 
chalk  pebbles  worked  into  it,  and  sometimes  passes  into  a 
kind  of  boulder  clay.  Near  Selwick  Bay  it  is  ten  feet  thick. 
The  chalk  below  it  is  marked  by  some  slight  crumpling^ 

Similar  patches  of  travelled  beds  have  been  noticed  in  the 
boulder  clay  near  Filey  which  are  probably  not  so  far  from 
home,  being  derived  from  the  Middle  Eimeridge  series.  Mr. 
Jukes  Brown  seems  to  have  looked  on  these  patches  of  the 
Speeton  clay  as  having  been  in  situ:  but  this  is  not  so. 
Even  in  an  exposure  on  the  shore  near  Filey  the  Eime^ 
ridge  clay  was  surrounded  by  boulder  clay.  Speeton  fossils 
are  not  very  rare  in  the  basement  clay  either  at  Bridlington 
or  Dimlington  {Proc.  Oeol.  and  Pol,  Soc.,  Yorhs,  vii.,  pp.  244, 
245). 

If  we  turn  from  the  boulder  clays  to  the  brick-earths, 
which,  as  we  have  seen,  stand  on  the  same  horizon  with 
them,  we  shall  have  a  similar  story  to  tell.    These  brick- 
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earths  and  loams,  containing  pockets  of  gravel  and  lumps 
of  Sarsen  stone  and  the  bones  of  so-called  pleistocene  beasts, 
have  all  the  appearance  of  being  made  up  of  local  materials 
collected  from  the  scouring  of  the  adjacent  wolds  and  downs, 
and  of  the  fine  marly  contents  of  beds  further  north  which 
have  been  washed.  There  is  no  sign  anywhere  that  the 
matrix  of  these  beds  was  the  product  of  any  grinding  process 
during  any  glacial  period,  but  on  the  contrary  the  loamy 
matrix  of  these  brick-earths,  etc.,  seems  to  me  as  old  as  the 
bones  it  contains,  both  bones  and  loam  having  already  existed, 
when  both  were  taken  up  and  laid  down  again  by  whatever 
force  it  was  that  distributed  them. 

Let  us  now  turn  to  the  loess.  Various  theories  have  been 
proposed  to  account  for  the  loess  which  explain  it  as  a  sepa^ 
rate  and  substantive  deposit.  The  earUest  theory,  which 
was  first  propounded  by  Bennigsen  Forder,  was  that  the 
deposit  is  of  marine  origin.  This  view  is,  I  fancy,  now 
limited  to  Mr.  Eingsmill,  and  was  entirely  repudiated  by 
every  speaker  when  Mr.  EingsmilPs  paper  was  read  at  the 
Geological  Society.  The  objections  to  it  are  overwhelming. 
In  the  first  place,  a  mineral  deposit  formed  of  inorganic 
particles  so  heavily  charged  with  a  material  like  carbonate 
of  hme  could  hardly  be  deposited  from  sea  water.  In  the 
next  place,  the  loess,  although  abounding  in  organic  remains, 
has  in  no  single  instance  jrielded  a  trace  of  a  marine  organ- 
ism :  this  objection  alone  is  paramount.  Thirdly,  the  loess  is 
practically  homogeneous  and  unstratified.  It  is  true  that 
concretions  occur  in  it,  as  they  have  accumulated  in  situ, 
from  the  deposit  of  carbonate  of  lime  about  nuclei;  but 
these  have  been  formed  in  this  way  in  situ,  and  are  not 
evidence  of  stratification  at  all.  Such  a  thing  as  an  un- 
sPratified  marine  deposit  1,000  feet  thick,  quite  homogeneous 
throughout,  as  is  the  case  with  the  loess  of  China,  is  un- 
knovm  among  modem  phenomena,  and  is  prima  facie  im- 
possible. Lastly,  the  postulating  of  a  change  of  level  of  at 
least  6,000  feet  in  China,  in  quite  recent  geological  times, 
and  of  a  very  extensive  and  widespread  change  in  Europe 
also,  is  invoking  a  quite  stupendous  cause  to  account  for 
what  is  much  more  completely  accounted  for  by  a  much 
idmpler  one.    On  every  ground  we  must  conclude  that  there 
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is  no  evidence  that  the  sea  has  ever  overspread  the  two 
continents  of  Asia  and  Europe  since,  or  concurrently  with^ 
the  deposition  of  the  loess,  but,  on  the  contrary,  all  the 
evidence  points  to  the  loess  having  been  other  than  & 
marine  deposit. 

Having  discarded  salt  water  and  its  partisans,  we  must 
now  consider  the  theories  of  those  who  make  the  loess  & 
fresh-water  deposit      Some  of  these  argue  that  it    is  of 
lacustrine,  and  others  of  fluviatile  origin.     Both  agree  that 
lake  and  river,  however,  are  merely  instruments  by  which 
the  loess  was  distributed,  and  urge  that  its  iyriqin  is  to  be 
traced  to   the  glacial  mud  formed    by  Alpine    and  other 
glaciers  at  the  time  when  the  ice  age  predominated.     In 
this  view  all  the  partisans  of  fresh  water  are  agreed.    Lyell, 
Belt  and  Geikie,  differing  in  other  respects,  are  at  one  in 
this.     Yet  we  may  seriously  ask  on  what  possible  ground,  save 
a  purely  hypothetical  one,  this  view  has  been  maintained. 
The  Alpine  glaciers  are  no  doubt  much  smaller  now  than 
they  were  in  the  great  ice  age,  but  otherwise  they  are  doing 
precisely  the  same  work,  grinding  the  same  rocks,  and  pouring 
out  the  same  debris  of  denudation.     Their  great  outlets,  the 
Bhine  and  the  Bhdne  in  the  north,  and  the  Po  in  the  souths 
are  carrying  seawards  the  same  kind  of  matter  in  suspension 
that  they  formerly  did.     At  all  events,  if  this  be  not  so,  the 
burden  of  proof  of  showing  the  contrary  is  assuredly  upon 
those  who  deny  the  fact.     If  this  be  so,  how  comes  it  that 
nothing  like  the  loess  is  being  manufactured  now  by  the 
Alpine  glaciers;  that  the  sediment  contained  in  the  Bhine 
and  the  Bhdne,  except  such  part  of  it  as  is  washed  from  the 
banks  along  which  they  flow,  is  other  than  loess  ?    How  is 
it  that  at  Bonn  the  Bhine  water  contains  no  appreciable 
carbonate  of  lime,  as  Bischofif  has  shown  ?    How  is  it  that 
wherever  we  can  trace  deposits  directly  due  to  glacial  action 
^—6.^.,  those  being  formed   at  the  feet  of  the  Greenland 
glaciers,  and  the  great  beds  of  materials  which  the  glacial 
age  is  supposed  to  have  left  in  various  parts  of  North  Britain 
and  North  America  consisting  of  clays  of  various  kinds — ^how 
is  it,  we  say,  that  nothing  in  the  shape  of  loess  is  to  be  traced 
there,  but  that  these  deposits  in  texture,  composition  and 
other  characters  are  quite  different  from  loess,  properly  so 
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called?  Assuredly  there  can  be  but  one  conclusion,  if  we 
reason  inductively,  namely,  that  the  loess  is  not  a  glacial  mud 
at  all,  but  had  a  very  different  origin.  Let  us  now  turn  to  the 
several  theories  of  its  distribution.  First  we  will  consider 
the  lacustrine  theory.  This  view  was  inspired  by  the  limited 
area  of  the  Ehine  valley.  It  was  suggested,  in  fact,  that  the 
loess  which  mantles  that  valley  and  those  of  its  tributaries 
was  deposited  by  a  great  lake,  banked  up  by  a  barrier  in  the 
narrow  gorge  between  Bingen  and  Coblentz.  When,  how- 
ever, it  was  shown  that  the  loess  which  exists  at  Basle  and 
SchafiQiausen  would  necessitate  a  dam  1,200  feet  high  to 
retain  the  waters  of  such  a  lake — and,  further,  that  the 
lateral  valley  of  the  Lahn  is  itself  filled  with  loess — the 
difficulty  of  postulating  any  sufficient  barrier  became  obvious. 
But,  apart  from  this,  such  a  lake  as  was  cited  to  explain  the 
Bhine  loess  could  not  explain  its  distribution  on  the  flanks 
of  the  Carpathians,  on  the  great  Polish  plain,  nor  in  China. 
Again,  the  contents  of  the  loess  are  completely  against  a 
lacustrine  origin.  Although  it  abounds  in  shells,  virtually 
none  of  them  are  lake  shells ;  while  the  great  number  of 
debris  of  land  animals  which  it  contains  precludes  such  an 
origin.  Nor,  again,  can  we  understand  such  a  vast  wn^tratijM 
deposit  accumulating  in  a  lake.  The  reasons  against  such  a 
theory  are  paramount,  and  since  Sir  Charles  Lyell  wrote 
against  it,  it  has  been  abandoned  both  in  England  and  on 
the  continent.  We  next  come  to  Lyell's  own  idea,  which  he 
suggested  in  substitution  for  the  lacustrine  theory  just  quoted. 
This  is  still  a  living  theory  with  some  geologists.  Lyell  sug- 
gested that  the  loess  of  the  Bhine  valley  is  of  fluviatile  origin, 
and  was  deposited  by  the  Bhine  itself.  This  notion  assuredly 
makes  enormous  demands  on  our  credulity.  First,  the  loess 
in  structure  is  very  different  to  the  warp  deposited  by  a  river. 
Such  warp  is  essentially  stratified,  and  we  can  trace  the 
annual  layers  by  which  it  has  been  deposited  ;  while  the 
loess  is  several  hundred  feet  thick,  and  throughout  is  homo- 
geneous and  unstratified.  Secondly,  it  is  so  highly  charged 
with  carbonate  of  lime  that  it  is  incredible  that  a  river  should 
have  deposited  it  unless  its  waters  were  actually  saturated 
with  that  material.  But,  as  we  have  said,  Bischoff,  in  1855, 
showed  that  the  Bhine  at  Bonn  had  virtually  no  carbonate 
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of  lime  in  it  at  all.  Thirdly,  the  conJUfnis  of  the  loess  point 
strongly  to  its  not  being  a  flaviatile  deposit.  Sir  Charles 
Lyell  argues  against  its  lacustrine  origin,  because  the  shells 
it  contains  are  terrestri^il  and  amphibious.  Surely  this  very 
argument  ought  to  be  conclusive  also  against  its  fluviatile 
origin.  The  force  of  this  argument  is  very  great,  for  these 
shells  do  not  occur  locally  and  sporadically,  but  in  great 
numbers,  and  characterise  the  loess  in  China  and  eastern 
Europe  and  America,  as  well  as  in  the  Rhine  valley.  Let 
us  look  more  closely  at  their  evidence. 

Out  of  211,968  shells  from  the  Bhine  loess  examined  by 
Braun,  there  was  only  one  brackish-water  form  and  three 
sweet-water  forms ;  LimnavA  and  Pla/norbis,  with  but  thirty- 
two  specimens  in  all.  Of  the  rest  there  were  98,502  ex- 
amples of  two  species  of  Succinea,  which  is  an  amphibious 
species,  and  113,434  specimens  of  land  shells  belonging  to 
twenty-five  species  of  HeUx,  Piipa,  ClausUia,  Bviimus,  Lvmax, 
Vitrina  (Deutsch,  Zeits.  fii/r  die  gesammten  Natwnviss,  HaUe,  xl. , 
p.  45). 

In  the  Bavarian  highlands  Giimbel  found  one  amphibious 
form  (SticciTiea)  and  fourteen  terrestrial  ones.  Helix,  Pttpa, 
Claiisilia  and  Bulimus.  Engelhetrdt,  who  has  described  the 
loess  of  Saxony,  refers  to  twenty-four  localities  whence  he 
has  examined  the  shells  of  the  loess,  in  which  only  land  and 
amphibious  shells  are  to  be  found,  while  in  two  only  did  he 
find  the  fresh-water  form  LirmuBue  tnmccUtdus,  Similar  land 
shells  are  found  in  the  loess  of  the  Danube  valley  of  lower 
Austria,  Hungary,  the  Carpathians  and  Poland. 

Mr.  Belt  tells  us  that  he  examined  the  loess  in  the  valleys 
of  the  Bhine,  Main,  Danube,  and  the  steppes  of  southern 
Bussia,  yet  he  had  never  seen  a  fragment  of  a  river  shell* 

Baron  Bichthofen  expressly  says  of  the  Chinese  loess : 
*'  The  land  shells  are  distributed  throughout  the  whole 
thickness  of  the  loess;  and  their  state  of  preservation  is 
so  perfect  that  they  must  have  Uved  on  the  spot  where 
we  now  find  them"  (Quart,  Joum.  Geol  Soc.,  xxvii.,  p.  377, 
note). 

The  well-known  French  missionary  in  China,  David,  who 
has  done  so  much  for  the  natural  history  of  that  empire, 
speaking  of  the  loess  in  the  valley  of  the  Yellow  Biver  and 
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in  north-western  China,  says :  ''  I  never  saw  a  trace  of  an 
aquatic  shell  in  it,  but  merely  the  remains  of  certain  small 
species  of  HeliceSj  many  of  which  exactly  resemble  those  still 
hying  in  the  country  ".  These  shells,  he  says,  are  found  at 
different  depths,  but  chiefly  in  the  upper  part  of  the  forma- 
tion (Quart.  Jowm.  Oeol.  Soo.,  i.,  p.  93).  We  may  take  it, 
therefore,  as  an  absolute  feature  of  the  loess  that  it  contains 
virtually  no  river  shells ;  for,  as  Mr.  Belt  says,  the  LifiwuBm 
truncahUus  had  its  habitat  most  probably  in  small  meres 
rather  than  in  a  river. 

What  is  the  inference  from  tbis?  Why,  surely,  that  the 
deposit  which  we  are  discussing  is  not  a  fluviatile  deposit  at 
all ;  for,  as  Mr.  Belt  says,  all  our  larger  rivers  abound  in  shells. 
The  shells  of  the  loess  are  not  only  land  shells,  but  they  are 
shells  loving  the  deep  shade  of  trees  and  the  damp  recesses  of 
woods,  which  woods  could  not  exist  where  the  banks  of  a  river 
were  continually  depositing  warp  on  a  great  scale.  Nothing 
can  be  argued  from  the  amphibious  forms,  the  Suceineas ;  for, 
as  LyeU  most  frankly  says,  the  shell  is  not  strictly  aquatic, 
but  Uves  in  damp  places,  and  may  be  seen  in  full  activity  far 
from  rivers,  in  meadows  where  the  grass  is  wet  with  rain  or 
dew  {Antiquity  of  Man,  p.  875).  The  other  contents  of  the 
loess  tell  the  same  story ;  both  the  animal  remains  and  the 
reUcs  of  man  are  most  inconsistent  with  the  fluviatile  origin  of 
the  deposit.  As  we  have  shown,  the  remains  of  great  beasts  at 
Gannstadt,  etc.,  occur  in  the  loess  as  nearly  as  may  be  under 
precisely  the  conditions  in  which  they  are  found  in  Siberia. 
We  could  imagine  in  a  narrow,  rapid  river  that  carcases  of 
mammoths,  etc.,  might  be  borne  along  and  be  overwhelmed 
and  covered  with  gravel  and  other  debris  if  they  stopped 
at  any  point  and  thus  forhied  a  barrier  to  the  flow  of  the 
water,  but  how,  in  the  case  of  a  slow  river — much  slower 
than  the  present  Bhine  (which  is  Lyell's  own  postulate) — 
these  remains  as  they  are  found  at  Cannstadt  and  elsewhere 
could  be  covered  over  and  preserved  in  skeletons  and  in 
hecatombs,  without  dispersal  by  gradually  accumulating 
annual  layers  of  warp,  is  difficult  to  imagine.  Why,  again, 
primaeval  man  should  amuse  himself  by  sowing  specimens  of 
his  flint  tools  at  intervals  in  the  warp  of  the  river,  or  in  the 
rivar  itself,  is  equally  hard  to  reaUse. 
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If  we  turn  from  the  contents  of  the  loess  to  its  distribution 
we  shall  be  compelled  to  the  same  conclusion.  In  the  first 
place,  it  occurs  quite  independently  of  the  drainage  of  the 
country.  It  covers  the  plateaux  as  well  as  the  flanks  of  the 
valleys.  The  river  that  could  overflow  these  plateaux  had 
surely  ceased  to  be  a  river.  How,  by  any  mechanical  theoiy, 
can  we  account  for  the  water  of  a  slowly  moving  river  with 
a  small  fall,  even  with  the  greatest  winter  floods,  depositing 
such  masses  of  loess,  not  only  600  feet  above  its  present  level, 
but  choking  its  own  lateral  valleys  up  to  their  very  heads 
with  it  ?  What  possible  river  could  have  deposited  the  loess 
of  Poland,  or  the  far  more  important  loess  of  China,  6,000 
feet  above  the  sea  level,  or  that  of  the  United  States? 
Assuredly,  in  every  way  we  view  the  problem,  the  fluviatile 
origin  of  the  loess  seems  incredible,  and  the  di£Sculties  of 
the  explanation  are  overwhelming.  Prof.  A.  Geikie,  Mr. 
Belt  and  others  have  more  recently  than  Lyell  started 
another  theory,  which  virtually  amounts  to  a  combination 
of  the  fluviatile  and  lacustrine  views.  According  to  them 
the  waters  of  the  Rhine  and  other  rivers  flowing  northwards 
were  dammed  back  by  a  met  de  glace  occupjring  the  North 
Sea,  and  were  thus  made  to  overflow  their  upper  reaches, 
like  the  Obi  does  now.  This  theory  has  all  the  objections 
which  have  been  urged  against  the  lacustrine  and  fluviatile 
origin  of  the  loess,  with  some  additional  ones.  How  is  the 
loess  of  the  Danube  valley  and  of  Hungary,  of  the  steppes 
of  South  Russia  and  Siberia,  and  more  especially  that 
of  China,  to  be  explained  by  such  a  bringing  down  of  the 
glacial  period  almost  to  our  own  day?  Where  was  the 
mer  de  glace,  and  where  the  rivers  which  were  danmied 
back  so  as  to  deposit  those  vast  masses  of  loess  on  the 
Chinese  plateaux,  6,000  feet  above  the  sea  level?  How, 
again,  with  the  proposed  mer  de  glace  in  the  North  Sea, 
involving  a  climate  like  Greenland  or  the  Polar  shores  of 
Siberia,  could  the  manmioth  and  his  contemporary  the 
hippopotamus,  the  Fuyus  carica  and  the  Gyrena  flwnindlis,  have 
lived  in  northern  Prance  and  Germany  ?  These  objections 
seem  to  me  overwhelming. 

We  are,  therefore,  bound  to  discard  this  modification  of 
the  older  hypotheses,  and  to  conclude  that  every  theory 
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requiring  a  marine,  lacustrine  or  flnviatile  origin  for  the 
loess  is  inconsistent  with  the  evidence. 

In  a  former  chapter  I  have  argued  at  great  length  that  the 
^olian  theory  of  the  loess  championed  by  Baron  Eichthofen 
is  not  sustainable  either.  Nor  can  I  any  longer  maintain  a 
view  of  my  own  which  I  published  at  some  length  in  the 
Oeoloffical  Magazine  many  years  ago,  in  which  I  tried  to  cor- 
relate it  with  the  volcanic  mud,  of  whose  outpouring  at 
various  times  we  have  abundant  evidence  elsewhere,  al- 
though I  am  still  disposed  to  think  that  the  great  quantity  of 
carbonates  with  which  it  is  charged  may  have  been  caused 
by  those  great  outpourings  of  carbonic  acid  which  Prestwich 
showed  were  coincident  with  the  last  important  changes  in 
the  contour  of  the  earth's  surface. 

I  beheve  now  that  the  loess  cannot  be  treated  as  a  distinct 
and  substantive  deposit  and  separated  from  the  other  drifts ; 
but  that  it  is  merely  the  finest  product  of  the  same  vast 
sifting  process  which  the  drifts  went  through  in  traveUing 
-southwards  when  they  laid  down  their  burden  continuously, 
first  depositing  heavy  boulders,  then  gravels,  then  sands, 
and  lastly  loams,  of  which  the  loess  is  only  a  modified 
form.  I  believe,  further,  that  the  loess  in  a  different  shape 
was  ready-made  like  the  other  drift  deposits  were,  and  that 
we  must  trace  it  to  those  beds  of  fresh-water  marl,  of  which 
such  large  debris  still  remain  m  situ  both  in  Scandinavia 
and  Germany,  and  of  which  the  composition  is  in  part  so  like 
that  of  the  loess.  Inter  alia,  these  marl  beds  in  Norway 
<x>ntain  the  same  kind  of  queer-shaped  concretions,  called 
puppchen  by  the  German  geologists,  and  the  same  kind  of 
threads  of  calcareous  matter  simulating  roots.  The  dis- 
integration of  this  finely  levigated  marl  mixed  with  the  finest 
particles  of  siliceous  mud  washed  out  of  the  other  drift  beds 
and  charged  with  carbonates,  due  perhaps  to  the  outpouring 
of  carbonic  acid,  as  I  have  mentioned,  seems  to  afford  us  the 
most  satisfactory  clue  to  the  origin  of  the  loess.  I  shall 
have  more  to  say  of  the  loess  presently.  The  point  I  vnsh 
especially  to  urge  here  is  that  its  constituents  were  ready- 
made  at  the  time  it  was  distributed,  and  were  not  the  pro- 
duct of  the  so-called  glacial  age,  but  date  from  tertiary  times, 
and  that  it  is  quite  continuous  with  the  other  drift  beds. 
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Having  considered  the  sands,  clays  and  loams  which  form. 
the  greater  part  of  the  so-called  glacial  beds,  let  ns  now  pass- 
on  to  the  coarser  materials  which  have  been  assigned  to  the 
same  period  and  are  found  associated  with  these  sands,  and 
let  us  first  turn  to  the  shingles  and  gravels  of  eastern  Eng* 
land.  These  beds  are  often  clean  washed,  and  consist,  with 
the  exception  of  a  few  sporadic  foreign  stones,  of  smooth  flint 
and  quartzite  pebbles  of  a  lenticular  or  flat  or  oval  shape, 
and  sometimes,  as  in  the  case  of  the  so-called  cannon-shot 
gravel,  of  rounded  flints  of  very  considerable  size.  These 
beds  occur  in  many  cases  as  caps  to  the  hills  or  on  their 
flanks. 

There  can  be  very  httle  doubt  that  these  rounded  and 
smoothed  stones  are  the  debris  of  marine  and  fluviatile 
shingles.  It  has  apparently  been  argued  by  some  that  they 
were  formed  as  pebbles  during  the  so-caUed  glacial  period* 
I  believe  this  to  be  a  complete  mistake,  and,  so  far  as  my 
own  observations  go — and  I  have  worked  pretty  hard  among 
them — they  all  seem  to  me  to  be  derivative,  and  to  be  the 
debris  of  disintegrated  tertiary  gravel  and  pebble  beds.  This 
view  has  been  growing  of  late  years. 

Hutton,  so  far  as  I  know,  was  the  first  to  suggest  that 
such  gravels  may  have  been  the  debris  of  the  disintegration  of 
older  shingle  beds.  Thus  he  argues  that  "  these  water- worn 
materials  had  their  great  roundness  from  the  attrition  caused 
by  the  waves  of  the  sea  upon  some  former  coast,  and  that, 
after  having  been  thus  formed  by  agitation  on  the  shores,  and 
transported  into  the  deep,  this  gravel  contributed  to  the  forma- 
tion of  secondary  strata,"  such  as  the  pudding-stone  he  else- 
where described ;  and,  lastly,  that  it  was  "  from  the  decay 
and  revolution  of  these  secondary  strata,  in  the  wasting 
operations  of  the  surface,  that  have  come  those  round 
siliceous  bodies  which  could  not  be  thus  worn  by  travelling 
in  the  longest  river  '*  {Theory  of  the  Earth,  vol.  ii.,  p.  144,  note). 

Hutton 's  view  is  a  general  one,  but  in  the  particular  case 
before  us  the  case  is  still  stronger  than  he  urges.  With  the 
contour  of  the  country  as  we  know  it  there  are  no  rivers  in 
eastern  England  which  either  make  or  could  make  gravel  or 
shingle,  nor  do  we  see  whence  the  original  stones  could 
have  been  derived  in  the  area  named  for  fashioning  the 
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pebbles.  These  pebbles  are  precisely  like  in  form  and 
character  to  the  pebbles  occurring  in  the  Bagshot  and 
Beading  beds  and  in  the  Blackheath  gravels.  Where  they 
occur  in  East  Anglia,  etc.,  in  regular  beds  and  undisturbed 
layers,  as  they  do  at  Southwold  and  in  other  places,  they 
are  generaUy  classed  under  the  name  of  Westleton  beds, 
etc.,  as  of  tertiary  age.  Where  they  occur  in  a  disturbed 
condition  and  mixed  with  foreign  stones,  they  add  another 
instance  to  those  already  quoted  of  tertiary  beds  which  have 
been  refmam6  and  redistributed  by  the  same  force  and  at  the 
same  time  as  the  other  so-called  glacial  beds  were  distributed. 

The  view  that  the  pebbles  in  them  are  of  tertiary  age  has 
been  urged  by  Prestwich,  and  notably  by  Monckton,  Herries 
and  the  other  yoimger  geologists  who  have  done  so  much  to 
unravel  the  history  of  the  southern  gravels.  I  would  merely 
press  their  conclusions  further,  and  affirm  that  all  the  rolled 
and  roxmded  pebbles  in  the  so-called  glacial  clays  and  gravels 
are  derivative,  and  have  been  derived  from  earlier  tertiary 
beds. 

This  view  is  strengthened  by  a  comparison  of  them  with 
the  so-called  angular  drift.  The  angular  flints  which  constitute 
this  latter  drift  are  frequently  mixed  with  the  rolled  flints  in 
the  pebbly  beds ;  but  it  is  plain  that  they  cannot  both  have 
been  subject  to  the  same  triturating  process,  or  they  would 
have  been  roxmded  and  worn  down  together. 

Let  us  now  turn  to  local  and  particular  instances. 

Mr.  Horace  Woodward  writes  that  while  much  of  Norfolk 
remained  as  a  land  area  in  later  eocene  and  miocene  times 
extensive  sheets  of  loose  flints  mixed  with  loose  matter  would 
be  found  on  the  surface.  The  materials  then  accumulated 
may  have  been  ready  to  hand  for  agents  in  later  times  to 
reassort  and  deposit  elsewhere,  if  not  in  the  same  neighbour- 
hood. Again,  he  says :  ''  Scattered  over  the  high  grounds 
of  Holt  and  Cromer,  on  the  hills  in  West  Norfolk,  and  in 
outliers  at  Strumpshaw  and  Poringland,  are  deposits  of  coarse 
flint  gravel,  containing  large  blocks  of  flint  and  sometimes 
paramoudras ;  and  when  I  referred  previously  to  the  wear 
and  tear  of  the  chalk  in  miocene  times  as  probably  resulting 
in  accumulations  of  flints,  I  thought  then  of  these  gravels,, 
and  have  wondered  whether  they  might  not  have  been  thus. 
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derived  and  transported  by  glacial  action,  partly  in  the  same 
ivay  as  some  of  the  huge  masses  of  chalk,  as  well  as  by  floods 
resulting  from  the  breaking  up  of  the  ice-fields'*  (Scenery  of 
Norfolk,  pp.  444-447). 

The  so-called  glacial  gravels  of  Essex,  near  Chelmsford, 
^re  described  by  Monckton  as  consisting  (1)  of  flint  pebbles 
probably  derived  from  pre-glacial  pebble  gravel ;  (2)  subangular 
flints,  whose  brown  colour  shows  they  have  not  been  derived 
•directly  from  the  chalk,  but  from  older  gravels;  (3)  black 
flints  from  the  chalk ;  (4)  quartz  pebbles  of  a  white  or  fresh 
colour,  derived  either  from  older  pebble  beds  or  triassic  beds ; 
{5)  pebbles  of  red  and  white  quartz,  etc.,  from  the  triassic 
beds  of  the  north,  the  nearest  point  from  which  they  can 
<have  come  being  Leicester ;  (6)  blocks  of  quartz,  etc.,  from  the 
north  ;  (7)  and  small  pieces  of  chert  originally  from  the  lower 
greensand,  but  derived  at  second  hand  from  older  gravels. 
Of  these  he  says  (1)  may  well  have  come  from  the  eocene  or 
pre-glacial  gravels  of  the  immediate  neighbourhood ;  (2)  and 
•{3)  from  the  chalk  or  old  gravels  of  North  Essex ;  (4)  and  (7) 
from  the  pre-glacial  pebble  gravel  (Westleton  shingle)  of 
North  Essex  (Essex  Naturalist,  v.,  p.  192).  This  shows  what 
«  large  proportion  of  the  contents  of  the  southern  gravels 
«re  derivative  in  the  view  of  this  excellent  observer. 

In  another  place  the  same  writer,  still  referring  to  Essex, 
claims  that  while  many  of  the  pebble  beds  found  there,  and 
•described  as  Bagshot  by  Searles  Wood  and  the  geological 
surveyors,  are  not  so,  they,  in  many  cases,  appear  older  than 
the  boulder  clay ;  but,  he  argues,  they  are  not  middle  glacial 
gravels,  for  the  beds  are  usually  stratified  and  contain  abund- 
ance of  quartz,  quartzite,  etc.  The  materials,  he  adds, 
in  all  probability  have  been  derived  from  the  Bagshot  beds ; 
-almost  entirely  so  in  such  cases  as  the  deposits  at  Holdenswood 
•and  Langdon  Hill,  but  in  other  cases  with  an  admixture  of 
•debris  of  glacial  beds  as  at  Norton  Heath  (Proc,  Geol.  Assoc.,  ix., 
pp.  1-11).  I  would  add  that  in  Essex  it  is  very  probable  that 
some  of  the  shingle  beds  of  the  crag  have  furnished  their 
contingent  of  pebbles  to  these  mixed  gravels. 

Mr.  H.  Woodward  speaks  of  the  Buckinghamshire  brick- 
-earth  as  very  closely  associated  with  the  clay  with  flints, 
And  he  says  it  may  be  considered  as  largely  made  up  of  the 


Derivative  Pebbles  in  the  Drift.  237* 

wreck  of  eocene  strata  commingled  with  accumulations  of 
clay  with  flints  {Qeol,  Mag.,  1891-92> 

Mnrchison  says  that  some  of  the  debris  in  the  holes  and 
crevices  of  the  white  chalk  may  be  found  to  actually  belong 
to  the  tertiary  period.  He  further  identifies  the  combe  rock 
with  the  flint  crag  of  the  Weald,  which  differs  from  it  only 
in  containing  disintegrated  debris  of  the  lower  greensand 
instead  of  tertiary  beds.  Speaking  of  the  drift  near  Brighton,, 
he  says:  "On  a  first  inspection  geologists  might  doubt 
whether  these  were  really  strata  of  the  age  of  the  plastic  and 
London  clays  in  situ,  so  completely  is  the  mineral  character 
identical,  while  their  eroded  upper  surface,  on  which  the 
chief  mass  of  the  flint  breccia  is  placed,  would  seem  to- 
separate  the  two  deposits.  But  both  these  signs  are  falla- 
cious, for  in  the  very  heart  of  these  clays  and  sands  I  found 
fragments  of  Mytilus  edidis  and  other  sea  shells  of  existing 
species  with  their  colours  preserved,  and  among  them  three 
or  four  perfect  specimens  of  Littorvna  littorcUis.  ...  It  thus 
follows  that  this  detrital  deposit  of  Brighton,  however 
diversified  in  aspect,  and  whether  it  be  called  combe  rock, 
elephant  bed  or  brick-earth,  pertains  to  one  and  the  same^ 
group,  and  is  referrable  to  so  modern  a  geological  era  that 
the  sea  shells  now  living  then  prevailed,  although  the  great 
land  animals  which  also  then  hved  have  long  ceased  to* 
inhabit  the  country." 

In  describing  the  angular  drift  on  the  South  Downs,  west 
of  Brighton,  Murchison  speaks  of  its  matrix  as  "highly  fer- 
ruginous loam  and  stiff  clay,  evidently  the  remains  of  the* 
plastic  clay,"  while  in  regard  to  the  coast  flats  of  Little 
Hampton  and  Bognor  he  says  it  has  precisely  the  same 
origin  as  the  angular  breccia  of  the  hillsides ;  the  plain  of 
rich  arable  land  is  chiefly  composed  of  the  breaking  up  of 
the  plastic  clays  and  sands  and  of  the  London  clay,  mixed 
together  irregularly  and  interspersed  with  angular  flints^ 
Murchison  goes  on  to  point  out  that  at  Clapham  Common, 
east  of  Patching,  a  mass  of  the  undisturbed  Woolwich  beds, 
still  remains  in  situ  just  as  it  was  originally  aggregated  on 
the  surface  of  the  chalk,  and  unmixed  with  angular  flints 
(see  "Flint  Drift  of  South-Eastern  England,"  Proc.  GeoL 
Soc.,  1861,  passim). 


238  Ice  or  Water. 

Mr.  H.  J.  O.  White  says :  '*  The  materials  of  which  the 
so-called  glacial  gravel  is  composed  are  derived  from  tv^o 
•distinct  sources :  the  flints  in  all  states,  the  fragments  of 
Sarsen  stone  and  iron-stone,  and  the  smaller  quartz  pebbles, 
either  directly  from  the  cretaceous  and  eocene  beds,  or  from 
the  older  drifts  of  adjacent  areas ;  the  red  quartzites,  grits, 
sandstones,  blocks  of  vein-quartz,  etc.,  from  the  trias  of  the 
Midlands.  Doubtless  the  two  sets  of  materials  were  already 
mingled  when  they  reached  this  district ;  but  it  is  interesting 
to  note  the  increased  size  and  number  of  the  foreign  con- 
stituents to  the  west,  in  the  neighbourhood  of  Goring.  The 
oon verse  of  this,  vi^r.,  the  easterly  decrease  in  the  proportion 
of  red  quartzites  in  the  gravels  of  the  Thames  area,  is  noticed 
by  Dr.  Buckland  in  his  BeliquicB  Diluviana,  p.  262"  {Proe, 
GeoL  Assoc,  xiv.,  p.  27). 

In  discussing  the  surface  pebble  gvavels  of  the  south  of 
England,  Monckton  and  Herries  describe  them  as  in  the 
main  reconstructed  Bagshot  and  Bracklesham  beds  which 
have  been  redeposited  and  formed  a  new  pebble  bed  at  the 
surface  of  the  ground.  In  certain  cases  where  northern  drift 
existed  close  by,  foreign  pebbles  found  their  way  into  the 
rearranged  beds.  In  other  cases  where  it  was  not  thus 
available  these  rearranged  beds  are  distinguishable  by  their 
materials  being  deposited  in  a  much  more  irregular  way. 
They  mention  their  occurrence  in  several  places  as  between 
Pirbright  and  Ash,  at  Hook  Heath,  at  St.  Anne's  Hill,  the 
plateau  west  of  Egham,  Langdon  Hill  and  Holden's  Wood. 
In  the  valley  of  Virginia  Water  they  describe  the  pebbles  in 
the  gravel  as  for  the  most  part  derived  from  Bagshot  beds, 
while  the  angular  flints  have  come  from  the  plateau  gravels 
{Proc,  Oeol,  Assoc,,  1889,  p.  1,  etc.). 

In  a  paper  on  Bagshot  pebble  beds  and  pebble  gravel  Mr. 
Monckton  cites  some  deposits  which  exist  at  Park  Hill,  Croy- 
don, and  at  WeUington  College,  etc.,  as  debris  of  portions  of 
the  pebble  bed  which,  together  with  the  sandy  strata  in  which 
it  was  imbedded,  has  been  destroyed  by  denudation,  the 
sandy  and  clayey  portions  of  the  bed  having  disappeared, 
and  the  pebbles  having  been  left  to  form  a  new  and  irregular 
deposit  along  the  present  surface  of  the  ground.  He  argues 
that  all  over  the  Bagshot  country  in  the  London  basin  on 
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high  groimd  are  deposits  sometimes  called  Bagshot  and 
sometimes  pebble  gravel  or  gravel  of  doubtful  age.  They 
are  discriminated  generally  by  the  fact  of  some  of  them  con- 
taining quartz,  angular  or  subangular  pebbles  and  coarse 
ironsand  mixed  with  the  regular  rolled  flints  of  the  Bagshot 
age.  He  looks  upon  these  extraneous  elements  as  having 
been  introduced  when  the  beds  were  rearranged,  and  the 
gravels  as  being  substantiaUy  derived  from  Bagshot  beds. 
He  enumerates  several  instances  of  these  resorted  and  re- 
arranged gravels,  and  urges  that  in  them  the  rounded  pebbles 
have  come  from  true  Bagshot  or  Bracklesham  pebble  beds 
and  the  subangular  flints  from  the  plateau  gravels. 

In  the  Hertfordshire  hill  gravels,  Hicks  tells  us,  are  many 
well-rounded  pebbles  from  the  tertiary  beds,  but  the  majority 
of  the  flints  are  subangular.  A  few  pebbles  of  quartz  and 
quartzite  are  found  and  also  fragments  from  the  lower 
greensand. 

Judd  C*  Geology  of  Rutland,"  Qeol.  Sv/rv,  Mem.,  1875)  de- 
scribes some  gravels,  sands  and  brick-earths  in  that  county 
«3  pre-glacial ;  they  contain  local  rocks  only. 

In  Aveline*s  Oeologicdl  Memovrs  of  the  country  round  Notting- 
ham the  gravels  and  sands  in  the  drift  are  described  as  largely 
derived  from  the  Bunter  pebble  bed. 

In  regard  to  the  beds  of  flint  and  chect  detritus  near  L3rme 
Begis  and  Axminster,  the  bulk  of  the  material  is  local  and 
sometimes,  but  slightly,  reasserted,  but  rolled  fragments  of 
grit  and  quartzite  and  pebbles  of  quartz,  some  of  large  size, 
are  met  with.  These  foreign  pebbles  were  noticed  by  Buck- 
land  in  1828.  The  foreign  water-worn  pebbles,  in  Mr. 
Ussher's  opinion,  may  have  resulted  from  a  redistribution  of 
tertiary  gravels  (Horace  H.  Woodward,  Oeology  of  Lyme  Begis, 
xlviii.). 

The  most  interesting  of  the  derivative  pebbles  in  the 
gravels  of  southern  and  eastern  England  are  those  derived 
from  the  break-up  of  the  triassic  beds  of  Warwickshire. 
'  These  pebbles  were  well  described  by  Buckland.  He  says : 
''The  new  red  sandstone  formation  in  the  central  parts  of 
England  contains  an  enormous  deposit  of  pebbles  of  compact 
granular  quartz,  forming  large  beds,  which  may  be  seen  at 
Bridgenorth,  Lichfield  and  Birmingham.     They  constitute  a 
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regular  Btratnm,  subordinate  to  the  red  sandstone,  having  beea 
reduced  to  the  state  of  pebbles  by  the  action  of  violent  waters 
at  or  before  the  time  of  the  deposition  of  this  formation. 
From  this  lodgment  in  one  of  the  deep  and  regular  strata, 
of  the  country  enormous  quantities  of  the  pebbles  in  question 
have  been  swept  away  by  the  diluvial  waters,  and  dispersed 
superficially  over  the  adjacent  districts  and  midland  counties, 
without  any  reference  to  the  rocks  they  lie  beneath,  and 
mixed  with  fragments  of  other  rocks  both  older  and  younger 
than  the  red  sandstone.  They  have  been  collected  in  pro- 
digious numbers  along  the  plains  subjacent  to  the  escarp- 
ment of  the  oolitic  limestone  that  crosses  Warwickshire,, 
near  Shipston-on-Stour,  particularly  on  the  south  of  that 
town  at  the  base  of  Long  Compton  Hill.  They  are  there- 
accompanied  by  pebbles  of  white  quartz,  lydian  stone,  gneiss, 
porphyry,  compact  felspar,  trap,  sandstone  of  several  kinds,, 
lias,  chalk  and  chalk  flints. 

''  Between  Shipston  and  Moreton  in  the  Marsh  they  have 
been  drifted  into  a  kind  of  bay,  formed  by  the  horn-shaped 
headland  of  the  Campden  Hills,  which  project  like  a  pier- 
head some  miles  beyond  the  ordinary  line  of  the  great  lime- 
stone chain  of  the  Cotswold  Hills.  The  mouth  of  the  bay^ 
opens  directly  to  the  north-east,  from  which  quarter  it  i& 
probable  the  current -which  brought  the  pebbles  in  question 
had  its  direction,  for  on  the  south-east  of  Shipston  there  are 
pebbles  of  a  hard  red  species  of  chalk  which  occurs  not 
infrequently  in  the  Wolds  of  Yorkshire  and  Lincolnshire,  but 
is  never  met  with  in  the  chalk  of  the  south  or  south-east  of 
England.  The  nearest  possible  point,  therefore,  to  which 
these  pebbles  of  red  chalk  can  be  referred  is  the  neighbourhood 
of  Spilsby  in  Lincolnshire,  whence  a  diluvial  current  flowing 
from  the  north-east  would  find  an  unobstructed  passage  acrosa 
the  plains  of  Leicestershire  to  the  Bay  of  Shipston  and  More- 
ton  in  the  Marsh.  With  these  pebbles  of  red  chalk  are  others, 
of  hard  and  compact  white  chalk,  such  as  accompany  the 
red  chalk  in  the  two  last  mentioned  counties,  *and  which  * 
occur  also  at  Bedlington  in  Butlandshire. 

*'  The  diluvian  current  thus  emptied  into  the  Bay  of  Ship- 
ston from  the  north-east  appears  to  have  continued  its  course, 
onwards  beyond  the  head  of  this  bay,  near  Moreton  in  the 
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Marsh,  bursting  in  over  the  lowest  point  of  depression  of 
the  great  escarpment  of  the  limestone,  and,  being  deflected 
thence  south-east  by  the  elevated  ridge  of  Stow  in  the  Wold, 
to  have  gone  forward  along  the  line  of  the  Evenlode  by 
Gharlbury,  till  it  joined  that  of  the  Thames  at  Ensham,  five 
miles  south-west  of  Oxford." 

Gonybeare  tells  us  that  in  Leicestershire  ''  chalk,  flint  and 
oolitic  boulders  chiefly  abound,  and  next  to  them  in  quantity 
are  the  granular  quartz-rock  pebbles  resembhng  those  from 
the  Lickey,  with  others  of  white  quartz".  This  is  appar- 
ently in  the  chalky  boulder  clay.  These  quartzite  pebbles 
also  occur  in  Whittlebury  Forest,  near  Northampton,  and  at 
Brackley.  Sedgwick  mentions  similar  quartzite  boulders 
among  the  foreign  stones  found  in  the  drift  of  Cambridge- 
shire. 

In  regard  to  the  source  of  these  quartzite  pebbles  I  shall 
quote  from  an  admirable  paper  upon  them  by  Mr.  W.  J. 
Harrison  in  the  Proceedings  of  the  Birmmgham  Philosophical 
Society  for  1882.     He  says: — 

"  Pebbles  of  quartzite,  comparatively  small  in  size  and  few 
in  number,  occur  in  the  drift  along  the  northern  edge  of  the 
Thames  valley ;  they  may  be  seen,  for  instance,  in  the  great 
chalky  boulder  clay  at  Finchley.  Tracing  these  pebbles 
northwards,  we  find  them  increasing  in  numbers  in  the  sur- 
face deposits,  and  increasing  too  in  bulk,  until  we  reach  the 
counties  of  Worcestershire,  Staffordshire  and  Nottingham- 
shire ;  further  to  the  north  and  west  they  are  comparatively 
rare  or  absent "  (op,  cit.,  p.  167). 

Again,  he  says :  ''  It  seems  perfectly  clear  that  the  pebbles 
occurring  so  abundantly  in  the  drift  of  the  Midland  counties 
were  derived  from  the  pebble  bed  or  conglomerate  which 
fonns  the  middle  member  of  the  Bunter  sandstone,  or  lower 
trias,  and  this  for  several  reasons : — 

"1.  The  pebbles  in  the  drift  are  absolutely  indistinguish- 
able Uthologically  from  those  in  the  Bunter. 

"  2.  Certain  fossils  occur  in  both,  and  when  the  conglomerate 

has  been  more  perfectly  examined,  it  will  probably  turn  out 

that  all  the  fossils  of  the  drift  quartzite  pebbles  occur  also  in 

the  Bunter. 

"  3.  The  Bunter  pebbles  are  often  cracked,  and  often  bear 
n.  16 
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abrasions  caused  by  internal  pressure  of  the  pebbles  in  the 
beds.  The  same  impressions  and  the  broken  pebbles  also 
occur  in  the  drift.  Near  Birmingham  the  number  of  pebbles 
showing  these  marks  is  very  considerable.  As  we  go  south 
the  impressions  become  lost  to  the  eye,  but  can  still  be  felt ; 
further  south,  again,  they  entirely  disappear.** 

These  Lickey  pebbles  are  very  widely  distributed. 

Dr.  Buckland  says  he  had  seen  the  quartzite  pebbles  on 
the  summit  of  the  chalk  hills  round  Henley,  Maidenhead, 
High  Wycombe  and  Beaconsfield,  and  that  they  had  been 
noticed  by  Lord  Grenville  in  his  park  at  Dropmore  and  in 
the  gravel  pits  at  Burham.  In  all.  these  places  the  great 
mass  of  the  gravel  is  composed  of  imperfectly  rolled  flints, 
derived  from  the  neighbouring  chalk,  mixed  with  rounded 
oolitic  gravel ;  also  in  the  valley  of  the  Cherwell  and  the  plains 
adjacent  to  it,  from  its  source  at  Claydon  and  Gherwelton  to 
Banbury  and  Oxford,  e.^.,  at  Steeple  Aston,  Heyford,  Bowsham, 
Ejrtlington  and  Eidlington.  At  Abingdon  they  occur  not 
only  in  the  gravel  beds  of  the  valley,  but  are  scattered  loosely 
over  the  plains,  composed  of  various  strata,  around  that  town 
as  well  as  on  the  low  hills  round  Newnham,  Dorchester 
and  Wallingford.  Among  these  pebbles,  especially  at  Abing- 
don and  in  Bagley  Wood,  there  are  many  of  porphyritic 
greenstone  and  greenstone  slate  which  cannot  have  come 
from  any  nearer  source  than  Chamwood  Forest  in  Leicester- 
shire. They  occur  on  the  top  of  Henley  Hill,  on  Ammor 
Hill  and  the  highest  summits  of  Witchwood  Forest. 

Buckland  also  speaks  of  finding  these  stones  in  the  gravel 
pits  of  Kensington  and  Hyde  Park. 

Mr.  Monckton  gives  a  section  of  a  gravel  pit  at  Beading 
in  which  they  occur,  while  they  are  also  found  in  the  gravels 
of  Eingsclere  with  Sarsen  stones  and  at  Newbury  with  animal 
remains  (ffeoZ.  TravA,,  2nd  series,  vol.  ii.,  p.  128). 

While  we  thus  find  that  the  gravels  of  Central  and  Southern 
England  were  supplied  with  larger  quantities  of  ready-made 
pebbles  from  the  Lickey  beds  at  the  time  when  the  drift  was 
distributed,  another  considerable  stream  was  distributed  in 
the  gravels  of  the  west  of  England  from  the  disintegrated 
pebble  beds  at  Bovey  Tracey. 

Leaving  England,  Mr.  E.  Martin,  of  Leyden,  speaking  of 


Derivative  Pebbles  in  the  Drift.  243 

the  boulders  in  the  beds  in  the  neighbourhood  of  Osnabruck, 
says :  *'  In  dem  ganze  Gebiete  eine  Masse  von  Lias  und  Dogger 
geschieben  mit  deutlichen  und  bestimmbaren  Yersteinerun- 
gen  sowohl  in  den  TertMrcMa^erwnQen  als  in  der  Diluvien- 
gerollen  gefunden  werden  "  (Erstes  Jahresber.  des  Natura- 
Yereins  von  Osnabruck,  1870  and  1871,  p.  24).  Martin 
adds :  *'  Ich  selbe  sah  beim  Herrn  Director  Holste  von 
Georg  Manen  das  Bruchsttick  eines  Ammoni  capricornus, 
welches  aus  der  Tertiar  von  Bersenbriick  stammte  ". 

Buckland  says  pebbles  like  those  from  the  guartzose  rock 
of  the  Lickey  have  been  found  by  Strangways  mixed  with 
the  diluvium  of  large  boulders  at  Petersburg  and  Moscow. 
He  foxmd  similar  rocks  at  Olonetz,  on  the  Ladoga  lake, 
and  in  Catherinenburg.  The  rock  of  Olonetz  is  probably 
of  the  same  age  as  the  Lickey  beds.  "I  have  myself 
found  them,  between  Basle  and  the  south  extremity  of  the 
Vosges,  scattered  over  the  low  hills  on  the  east  of  Altkirk. 
These  were  probably  derived  from  the  neighbouring  moun- 
tains of  the  Vosges  and  Black  Forest"  (Buckland,  GeoL 
Trans.,  v.,  p.  515). 

In  America  the  problem  before  us  is  not  so  easy  to  illustrate, 
since  the  uniformity  of  the  subjacent  beds  is  very  great,  and 
many  of  the  American  geologists  do  not  seem  to  have  asked 
themselves  as  a  preliminary  question  whether  these  great 
masses  of  sand,  clay,  shingle  and  gravel  are  not  merely 
rearranged  materials  dating  very  largely,  if  not  entirely,  from 
tertiary  times  and  not  the  products  of  the  so-called  ice  age  at 
all.  We  have  phenomena  so  similar  there,  however,  to  those 
of  Europe  that  we  can  hardly  doubt  they  ought  to  be  ex- 
plained by  the  same  cause,  e.g.,  the  masses  of  guartzite 
shingle  or  quartzite  rolled  drift  which  has  come  not  from  the 
Laurentian  highlands  but  from  the  Bocky  Mountains,  and 
which  so  resemble  our  own  shingle  and  pebble  beds  (see  G. 
Dawson  on  the  "  Superficial  Geology  of  the  Central  Eegion 
of  North  America,'*  passim).  He  also  mentions  how  the 
-drift  changes  in  colour  and  texture  with  the  ground  it  covers, 
as  if  it  had  incorporated  pre-existing  materials.  Thus,  he 
-says,  ascending  to  the  plateau  level  from  the  extreme  western 
point  of  Lake  Superior  by  the  Northern  Pacific  Eailway,  the 
•drift  is  seen  to  have  a  reddish-purple  colour,  which  continues, 
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though  gradually  becoming  less  marked,  for  some  distance 
after  attaining  the  summit.  The  colour  then  changes  to  the 
pale  yellowish  grey  which  is  generally  characteristic  of  the 
drift  of  this  plateau.  The  red  drift  is  derived  from  the  red 
rocks  of  the  borders  of  the  lake  (i.e.,  Lake  Superior)  and  is 
found  along  its  southern  side.  It  is  here  bounded  by  a  hne 
lying  a  short  distance  back  from  the  north-west  shore  and 
nearly  parallel  to  it.  This  western  edge  of  the  red  drift  has 
been  already  noticed  by  Whittlesey  in  his  paper  in  the  Smith- 
tonian  Contributions  {op,  cit,,  p.  609). 

In  his  paper  on  the  glacial  deposits  of  south-western 
Alberta,  G.  Dawson  speaks  of  the  rolled  gravels  and  asso- 
ciated clays  and  sands  which  underlie  the  lower  boulder  clay, 
and  are  known  as  the  Saskatchewan  gravels.  These  Saskat- 
chewan beds,  which  lie  below  the  drift,  have  been  identified 
by  some  with  the  Lafayette  gravels.  Dawson  further  says 
that  "  as  the  boulder  clay  is  followed  eastwards  it  gradually 
changes  into  the  typical  Saskatchewan  gravel,  in  places  as- 
sociated with  silty  or  sandy  beds  ".  Speaking  of  the  lower 
boulder  clay,  he  says  "  the  pre-existing  Saskatchewan  gravels 
have  evidently  become  incorporated  with  it  in  places  to  an 
unknown  degree  "  (ibid.,  p.  59).  These  Saskatchewan  gravels 
contain  materials  which  have  travelled  a  long  way  from  the 
mountains. 

In  a  paper  on  the  pre-glacial  decay  of  rocks,  Mr.  B. 
Chambers  specifies  the  beds  beneath  the  boulder  clay  in 
various  places  in  Canada,  etc.,  whence  the  drift  materials- 
have  no  doubt  been  derived.  Thus  at  St.  George,  on  the 
east  bank  of  the  Chaudi^re  river,  where  the  boulder  clay  is 
sixty  feet  thick,  he  describes  the  subjacent  beds  as  (1) 
stratified  sand  and  clay,  called  by  the  miners  quicksands 
and  pipe-clay ;  (2)  coarse  stratified  gravel  with  pebbles  and 
a  few  boulders ;  (3)  a  local  deposit  of  coarse,  slaty  materials, 
apparently  decomposed  quartzose  slate ;  (4)  fine-grained  yellow 
sand  with  ochreous  streaks ;  (5)  the  last  graduates  into  rotten 
rock  in  situ ;  (6)  slates  and  sandstones,  decaying,  fissile  and 
non-glaciated. 

Again,  in  a  pit  in  the  valley  of  Bivi^re  du  Loup,  under  a 
thickness  of  seventy-five  feet  of  boulder  clay,  he  mentions 
(1)  a  tough,  dark  grey  stratified  clay,  one  to  three  feet  thick ; 
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(2)  grey  ochreons  sand  stratified  (quicksands  of  the  gold 
miners),  twelve  to  fourteen  feet  thick;  (3)  compact  un- 
stratified  clay  (pipe-clay  of  the  miners),  six  feet ;  (4)  grey 
stratified  gravel  with  numerous  pebbles  and  a  few  water- 
worn  boulders,  five  feet ;  (5)  hard,  yellow,  oxidised  gravel, 
stratified,  with  an  abundance  of  worn  boulders,  from  two 
feet  in  diameter  downwards.  None  of  the  materials  are 
glaciated,  and  all  are  of  local  origin.  Thus  we  have  here 
below  the  boulder  clay  forty-five  feet  of  assorted  water- 
worn  stratified  deposits  resting  upon  denuded  beds  of  rotten 
rock  and  non-glaciated  rock  surfaces.  Mr.  Chalmers  says  of 
these  beds  ''no  fossil  remains  have  yet  been  detected  in 
them,  \mi  they  c^re  probably  of  tertiary  age  ".  He  compares 
them  with  similar  beds  under  boulder  clay  at  Brandon, 
Vermont.  "At  the  Little  Dillon  river  they  lie  inmiediately 
on  the  rough,  broken,  jagged  surfaces  of  the  non-glaciated 
slates.  .  .  .  Local  sheets  of  these  decayed  rock  materials  were 
first  noted  in  the  maritime  provinces  of  New  Brunsvnck, 
Nova  Scotia  and  Prince  Edward  Island,  resting  on  carboni- 
ferous rocks,  and  have  since  been  found  in  almost  every  part 
of  the  higher  and  lower  grounds,  and  everywhere  overlaid 
by  boulder  clay,  and  it  appears  that  from  pre-pleistocene 
times  a  thick  continuous  sheet  existed  in  some  places,  as  in 
Prince  Edward  Island,  exceeding  the  boulder  clay  in  thick- 
ness." 

Chalmers  points  out  how  in  the  maritime  provinces  these 
beds  are  found  to  contain  the  same  angular  pebbles  or  gravel 
as  the  drift  above  them,  and  how  they  had  been  shifted 
greater  or  less  distances  from  their  original  position,  and  the 
interstices  filled  with  a  bluish  or  grey  clay,  or  sandy  clay, 
which  beds  graduate  upwards  into  true  boulder  clay.  He 
continues :  ''  The  occurrence  of  such  extensive  sheets  of 
decomposed  sedentary  rock  in  the  region  under  consideration, 
much  denuded  as  they  seem  to  be,  points  to  the  former 
existence  of  a  universal  mantle  of  this  material  overspreading 
the  country  everywhere  in  tertiary  and  preceding  ages.  .  .  . 
During  the  glacial  period  this  decayed  rock  furnished  the 
principal  portion  of  the  material  constituting  the  boulder 
clay,  and  also  that  of  the  overlying,  modified,  post-glacial 
beds  "  {Brit.  Assoc.  (Toronto  Meeting),  p.  273,  etc.). 
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Having  analysed  the  evidence  of  the  gravels  and  the 
shingles  which  occur  so  frequently  among  the  glacial  beds, 
and  shown  how,  where  we  can  trace  their  history,  they  are 
formed  of  derived  materials,  let  us  now  turn  to  the  larger 
boulders,  for  which  an  a  priori  case  of  the  same  kind  seems 
almost  conclusively  provable. 

The  boulders  of  the  boulder  drift  consist  of  two  different 
categories — those  which  are  rounded  and  have  their  rounded 
surfaces  polished  and  smoothed,  which  form  a  vast  majority 
of  those  that  are  far  travelled ;  and  those  which  have  angular 
contours  and  are  only  slightly  rubbed  and  eroded. 

The  former  class  are  almost  universally  treated  by  conti- 
nental glaciaUsts  as  water-worn  and  water-rolled,  and  among 
the  Swedish  geologists  the  beds  formed  wholly  of  such 
materials  are  known  as  BuUsienbildningar.  It  seems  im- 
possible to  attribute  them  to  any  other  cause  than  that  of 
water  rolling.  We  cannot  understand  how  ice  in  any  shape 
or  form  could  possibly  manufacture  such  rounded  and  rolled 
stones  as  these  are.  Glacier  stones,  when  formed  by  rubbing 
under  pressure  between  the  ice  and  its  beds,  assume  the  shape 
of  flat  stones  with  parallel  faces,  like  the  skids  of  a  coach,  and 
have  been  styled  slipper  stones.  They  differ  entirely  from 
these  rounded  boulders. 

Among  the  glacial  geologists  it  has  been  the  fashion  to  treat 
these  rounded  boulders  not  as  directly  made  by  the  ice,  but 
as  indirectly  produced  by  being  rolled  in  sub-glacial  streams, 
such  as  we  see  under  Alpine  glaciers,  where  a  limited  number 
of  such  stones  no  doubt  are  found. 

This  in  the  case  of  the  drift  seems  quite  a  fantastic  notion 
for  many  reasons.  In  the  first  place,  they  are  found  not 
arranged  in  long  ribbon-like  defined  beds  and  lines  of  deposits 
like  the  beds  of  streams,  but  in  continuous  mantles,  spread 
over  the  whole  country  without  a  break  and  covering  hill 
and  valley  alike,  quite  irrespective  of  the  drainage  of  the 
country.  Unless  we  are  to  postulate  that  the  supposed  ice- 
sheets  were  drained,  not  by  occasional  sub-glacial  streams, 
but  by  a  whole  continuous  flow  of  water  continually  moving 
imderneath  their  whole  bulk — ^unless  we  are,  in  fact,  to 
postulate  that  the  ice-sheets  rested  on  widespread  sheets  of 
water,  and  were  mere  glorified  icebergs — we  cannot  explain 
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how  these  boulders  could  have  been  made  and  deposited  in 
this  fashion. 

Again,  in  sub-glacial  streams,  such  as  we  know  them  in 
the  Alps,  the  water  washes  away  the  sandy  and  clayey 
matrix  and  leaves  a  deposit  of  clean  boulders  or  gravel  in  ita 
bed,  while  in  the  drifts  the  stones  are  imbedded  in  a  con^ 
tinuous  matrix  of  clay  or  sand. 

Thirdly,  if  we  map  out  the  lines  along  which  these  rounded 
boulders  must  have  travelled  on  their  way  from  their  first 
home,  where  the  mother-rock  whence  they  were  originally 
detached  is  situated,  and  try  and  realise  what  manifold  hills 
and  dales  these  hues  traverse,  we  shall  be  constrained  to 
conclude  that  no  streams  or  rivers  or  sub-glacial  sheets  of 
water  could  possibly  have  flowed  in  the  ordinary  course  of 
things  and  carried  them  along  unless  in  those  days  water 
could  run  up  and  down  hill  galore. 

Fourthly,  it  is  not  enough  that  these  stones  should  be 
rolled  along  in  order  that  they  should  become  rounded ;  they 
must  be  roughly  and  rudely  rolled  against  other  stones,  or 
against  the  rocky  beds  of  the  streams  or  of  the  strata  along 
which  they  travelled,  which  must  have  been  at  least  as  hard  as 
themselves.  Ice  or  water  alone  would  not  smooth  and  round 
and  pohsh  them;  nor  would  rolling  them  along  beds  of  clay  and 
sand,  where  they  would  be  wrapped  round  and  well  padded 
on  all  sides  by  a  soft  cushion.  It  must  be  remembered  that 
in  Northern  Europe,  for  instance,  the  whole  Une  of  country 
over  which  they  must  have  travelled  from  their  first  home 
in  the  sohd  beds  of  rock,  was,  for  the  most  part,  covered  with 
quite  soft  materials,  such  as  disintegrated  sand  and  clay, 
and,  where  hardest,  no  harder  than  chalk.  It  seems  to  me 
as  clear  as  can  be  that  it  would  be  absolutely  impossible  to 
manufacture  roimded  boulders  of  granite,  gneiss,  green- 
stone and  basalt  by  any  such  process,  however  far  the 
journey  they  made.  Hence  it  seems  to  me  incredible  that 
these  rounded  boulders  have  been  made  either  in  situ, 
or  during  their  journey  from  their  original  rock  beds  by 
any  form  of  ice.  There  is  no  mill  available  for  such 
grinding  as  this,  either  among  the  chalky  clays  of  East 
Anglia,  or  the  red  sands  and  blue  clays  of  Lancashire,  or  the 
geest  and  brown  sands  and  clays  of  the  great  German  plain, 
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or  the  loess  and  tchtmozem  of  Bussia,  or  the  corresponding 
beds  of  North  America. 

The  prima  facie  case  here  stated  seems  to  be  overwhehning. 
It  can  be  supported  in  other  ways.  Thus  in  a  great  many  cases 
the  romided  foreign  boulders  are  mixed  in  the  same  beds  with 
local  angular  drift.  If  the  boulders  in  the  boulder  beds  had 
been  made  in  situ,  it  is  incredible  how  this  could  be.  The 
angular  drift  is  not  formed  of  harder,  but,  if  anjrthing,  rather 
of  softer  materials,  and  it  is  ridiculous  to  suppose  that  the 
force  which  caused  the  rolhng  and  shifting  of  the  materials 
could  or  would  discriminate  in  this  arbitrary  fashion,  and  roll 
some  of  the  stones  and  leave  the  rest  in  their  primitive  unrolled 
angular  forms.  It  seems,  on  the  contrary,  that  whatever  it 
was  that  distributed  the  drift  brought  the  rounded  and 
smoothed  foreign  boulders  with  it  ready-made  and  mixed 
them  with  the  angular  debris  on  the  spot. 

This  is  by  no  means  a  new  view.  Thus  Godefroy  was  of 
opinion  that  even  the  materials  of  the  moraines  of  Switzer- 
land have  not  been  derived  by  the  glacier  from  the  solid 
rock,  but  from  the  re-arranged  portions  of  a  great  pre-arranged 
diluvial  deposit  which  had  accumulated  in  the  radiating 
valleys  in  a  period  of  great  disturbance  anterior  to  the  exist- 
ence of  the  glaciers.  Describing  a  tract  of  fifteen  leagues 
he  infers  that  such  a  mass  of  boulders  could  never  have  been 
deposited  by  a  glacier  proceeding  from  mountains  of  no  greater 
altitude  than  the  Alps  (Proc.  Geol.  Soc,,  iii.,  p.  673). 

Direct  evidence  that  the  force  which  moved  the  boulders 
found  them  ready-made  is  not  always  forthcoming,  for  the 
question  does  not  seem  to  have  been  often  raised  ;  but  there 
is  some  evidence  notwithstanding  that  in  some  cases  they  were 
so  brought,  leaving  it  a  reasonable  inference  that  this  was  uni- 
versally the  case.  This  evidence  is  of  two  kinds :  first,  of 
boulders  showing  traces  of  having  had  their  surfaces  weathered 
before  they  were  transported,  and,  secondly,  in  the  case  of  such 
stones  as  limestones,  evidence  that  after  they  had  been  made 
into  boulders  they  were  pierced  by  molluscs,  etc.,  when  they 
were  lying  under  the  sea.  I  will  quote  some  instances  of 
both  kinds. 

In  the  report  of  a  committee  of  the  British  Association  for 
1888  on  an  ancient  sea-beach  near  Bridlington,  there  is  an 
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account  of  a  deposit  resting  on  the  terraced  ''scaur  "  of  the 
chalk  composed  of  water- worn  chalk  pebbles  of  all  sizes  from 
fine  gravel  to  large  stones  over  a  foot  in  diameter.  Many 
of  them  are  perforated  by  the  borings  of  Pholas,  Saxicava  and 
€hione,  which  shows  that  an  uncovered  scaur  of  chalk  has 
extended  at  least  to  near  low-water  mark.  There  were  also 
pebbles  of  grey  flint — some  rather  larger  in  size,  which  must 
have  drifted  four  or  five  miles — and  also  some  foreign  pebbles, 
the  largest  found  being  a  boulder  of  basalt  12  x  5  x  3in., 
■and  another  of  porphyrite  7  x  4  x  3in.  The  most  numerous 
of  these  strangers  were  pieces  of  brown  or  black  laminated 
bituminous  shale ;  other  pebbles  are  of  basalt,  granite,  quartz 
of  various  colours,  porphyrite,  etc.,  the  whole,  say  the  com- 
mittee, forming  an  assemblage  not  strikingly  different  from 
that  of  our  glacial  beds.  Some  of  the  pebbles  are  well 
rounded  and  others  subangular. 

The  bed  in  which  they  occur,  according  to  the  committee, 
underhes  the  oldest  boulder  clay  known  in  Yorkshire,  and 
they  style  the  bed  sub-glacial.  The  reporters  refer  to  the 
occurrence  of  similar  travelled  pebbles  in  the  Norfolk  Forest 
bed  series  (''Beport  on  BridUngton  Beach,'*  Brit.  Assoc,  Bep, 
/or  1888,  pp.  1-11). 

Dr.  Bicketts  refers  to  boulders  which  have  been  exposed 
to  other  influences  before  they  were  floated  away  and  dropped 
into  the  clay.  "  Some  of  granite,**  he  says,  **  are  weathered 
sM  over,  their  entire  surface  being  roughened  and  so  far  dis- 
integrated that  fragments  can  be  broken  off  by  the  fingers. 
Others  in  the  same  state  have  also  had  a  portion  spUt  off. 
8ome,  having  their  surfaces  glaciated,  crumble  into  fragments 
by  slight  pressure ;  while  others  cannot  be  removed  without 
separating  into  their  component  crystaUine  particles,  though 
when  in  situ  each  granule  retains  its  relative  position,  and  a 
careful  removal  of  the  clay  may  even  show  their  surfaces  to  be 
smoothed  and  polished.  A  somewhat  similar  weathering  is 
often  observed  in  various  kinds  of  volcanic  rock.  In  some  it 
peels  off  in  concentric  laminae.  Where  this  disintegration  has 
not  penetrated  the  whole  mass,  the  central  nucleus  remains 
solid  and  unaffected.  Examples  of  a  different  kind  are  fre- 
quent in  which  the  mass  is  disintegrated  throughout,  being 
easily  crushed  or  broken  and  the  granules  separated. 
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''  Mr.  J.  H.  Einahan,  of  H.M.  G^logical  Survey  in  Ireland^ 
has  informed  me/*  says  Bicketts, ''  that  blocks  of  disintegrated 
granite  are  frequent  in  the  glacial  deposits,  especially  those  of 
Wicklow  and  south-east  Wexford,  being  more  prevalent  in 
what  he  calls  moraine  drift  than  in  the  boulder  clay.  There  are- 
boulders  imbedded  in  moraine  accumulations — near  Shap,  in 
Westmoreland — which  have  become  disintegrated  in  various, 
degrees,  and  to  an  extent  as  great  as  those  occurring  in  the 
boulder  clay  of  Cheshire,  whereas  at  the  present  time  the 
Shap  granite,  both  in  the  well-known  blocks  and  in  site^ 
weathers  only  on  the  exterior. 

''  What  Mr.  Einahan  states  regarding  the  granite  boulderB- 
of  County  Wicklow  is  equally  applicable  to  some  of  volcanic 
origin  in  the  glacial  deposits  of  County  Antrim,  where  they 
occur  in  every  stage  of  disintegration,  but  modified  according 
to  their  structure.  Bocks  of  various  kinds  are  coated  with  a 
powder  derived  from  their  disintegration,  generally  of  a  light 
green  colour,  having  mixed  with  it  minute  fragments  of  the 
same.  In  some,  the  general  surface  of  which  affords  proo&- 
of  glacial  erosion  (?  glacial,  H.  H.  H.),  channels  or  hollows, 
have  been  formed  subsequently,  these  being  filled  with 
similar  disintegrated  materials.  In  other  instances  the 
weathering  has  so  far  extended  throughout  the  whole  sur- 
face that  on  removal  they  break  up  entirely. 

''  A  large  proportion  of  carboniferous-limestone  pebbles  bear 
evidence  of  atmospheric  and  chemical  erosion  in  a  variety  of 
ways.  Occasionally  they  are  weathered  all  over,  and  portions, 
of  organisms  stand  in  relief ;  more  frequently  they  are  eroded' 
in  the  same  way  over  a  considerable  surface,  while  the  re- 
mainder continues  intact  with  its  ice-marks  unaffected. 

''  A  frequent  feature  is  the  formation  of  channels  or  hollows- 
in  the  blocks.  This  occurs  without  affecting  other  portions 
which  may  still  retain  marks  of  glaciation  (?  of  erosion^ 
H.  H.  H.).  In  many  instances  limestone  pebbles  have  been 
spht  into  fragments  which  are  occasionally  in  apposition.  A. 
glaciated  one  found  «n  situ  in  the  boulder  clay  is  split  into 
four  fragments  which  remain  in  apposition ;  the  spUt  sur- 
faces, as  well  as  the  outer  portion  close  to  them,  have  subse- 
quently been  somewhat  eroded  since  their  fracture. 

"  Several  pebbles  of  limestone  are  not  only  glaciated,  bat 
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also  perforated  by  mollnsca  and  sponges.  As  a  rule  no  sheila 
are  retained  in  the  cavities.  There  is  generally,  if  not  always, 
evidence  that  the  borings  have  been  made  subsequently  to 
glaciation  (?  rather  to  erosion).  In  some  instances  they  have 
afterwards  also  again  been  exposed  to  glacial  friction  (?  say 
rather  friction),  and  fragments  have  likewise  been  broken 
off  prior  to  their  deposition  in  the  clay.  In  two  instances 
glaciated  (?  eroded)  and  perforated  blocks  were  foxmd  to  be 
afterwards  weathered,  one  over  the  perforated  surface,  the 
other  as  a  channel-like  groove  on  the  portion  covered  with 
striae.  A  solitary  example  of  boring  in  softer  limestone  (it 
may  be  of  Antrim  chalk)  contains  many  shells  entire,  and  its 
surface  is  covered  with  Serpula.'' 

Dr.  Bicketts  then  goes  on  to  refer  to  the  curious  and  fan- 
tastic shapes  into  which  some  erratics  have  been  weathered 
owing  to  differences  in  their  texture,  and  of  which  he  figures 
some  specimens  These  must  have  been  so  weathered  before 
deposition.  Several  blocks  subsequently  to  weathering  have 
had  portions  of  their  surface  rubbed. 

In  reference  to  these  facts  Dr.  Bicketts  continues:  ''The 
peculiar  instance  of  weathering  which  rocks  of  different  kinds 
have  undergone  prior  to  their  deposition  in  the  boulder  clay 
appears  to  have  escaped  notice  almost  entirely  :  these  are  too 
conspicuous  to  be  overlooked ''.  In  answer  to  a  question 
from  Dr.  Hacks,  the  author  of  the  paper  said  that  the  evidence 
was  entirely  in  favour  of  the  decomposition  having  taken  place 
before  the  imbedding  of  the  fragments  (see  Quart,  Joum.  GeoL 
Soc.,  1885,  pp.  594-598). 

Dr.  Bicketts  elsewhere  refers  to  his  having  found  a  very 
large  number  of  erratic  boulders,  some  of  which  were  sculp-^ 
tured  by  the  action  of  the  weather,  and  bore  no  traces  of 
what  he  calls  glaciation  or  rolling,  while  others  with  a  greater 
or  less  amount  of  ice  polishing  and  scratching  (?  ice,  H.  H.  H.) 
are  also  distinctly  weathered.  Again,  speaking  of  the  flints- 
he  had  foxmd  in  the  Lancashire  drifts,  he  says  of  some 
of  them :  "  They  have  been  so  altered  by  weathering  that 
they  are  white  throughout  their  whole  substance ;  one  has 
a  fragment  of  white  limestone  attached.  This,"  he  says,  "  has- 
a  granular  appearance ;  but  although  thus  altered,  its  hardness 
is  such  that  it  can  only  be  referred  to  the  chalk  or  white- 
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limestone  of  Antrim.  The  flints  weathered  but  not  water- 
worn  coincide  with  those  so  abundant  on  the  eroded  surface 
•of  the  chalk  of  the  north  of  Ireland.  Mr.  Isaac  Boberts 
possesses  a  specimen  of  flint  exactly  similar  to  those 
which  at  Belfast  are  situated  in  the  hollows  found  on  the 
eroded  surface  of  the  chalk,  and  lying  immediately  under 
have  been  altered  by  exposure  to  the  action  of  the  basalt" 
iProo,  Liv.  Geol  Soc.,  1876-77,  pp.  19,  20). 

Mr.  T.  Sheppard  in  describing  the  gravels  of  Holdemess 
containing  far-travelled  erratics  of  primitive  rocks,  says 
several  of  the  boulders  are  well-rounded  and  bored  with 
Chiona  and  Pholaa  crispata.  The  holes  in  the  pebbles  occa- 
sionally contain  the  shells  in  a  perfect  state  of  preserva- 
tion, though  sometimes  sand  takes  the  place  of  the  shells. 
Other  chalk  pebbles  are  cracked  from  their  centre  outwards. 
The  boulders  of  gneiss  and  schist  are  occasionally  very  rotten, 
breaking  into  powder  at  the  stroke  of  the  hammer,  showing 
they  were  weathered  before  being  deposited  where  they  are 
{Proc,  Yorks.  Geol.  and  Pol.  Soc.,  p.  5).  In  regard  to  the 
•organic  boulders  in  the  same  deposit,  he  makes  the  interesting 
remark  that  he  found  a  radius  and  ulna  of  a  Bos  taurus, 
inside  which  was  a  small  quantity  of  Ught-coloured  plastic 
clay  totally  different  from  the  neighbouring  boulder  clay 
{ibid,,  pp.  9,  10).  These  facts  point  to  the  boulders  just  de- 
scribed being  derivative.  Mr.  Sheppard  says  in  a  note  :  **  Of 
course  some  of  these  boulders  were  probably  scattered  over  a 
sea-bottom  before  being  picked  up  by  the  ice-sheet  "  (Qitart, 
Joum.  Geol,  Soc,  xlvii.,  p.  410). 

Speaking  of  the  boulders  found  in  the  Bridlington  boulder 
clay,  Lamplugh  mentions  the  occurrence  in  the  basement 
clay  of  numerous  blocks  of  variotts  kinds  of  rock  bored  by 
Saancava,  Pholas  or  Chione,  the  borings  in  the  former  of  these 
cases  sometimes  still  containing  the  shells  and  f oraminiferous 
sand.  **  I  also  think,*'  he  says,  **  from  the  well-rounded  and 
water-worn  appearance  of  most  of  the  smaller  boulders  and 
pebbles  in  the  basement  clay,  that  most  of  these  have  suffered 
aqueous  erosion  at  some  period  of  their  history  after  their 
detachment  from  their  parent  rock  and  before  their  incor- 
poration in  the  clay,  and  that  they  are  the  relics  of  an  old 
shore  line,"  and  he,  consequently,  among  other  reasons,  con- 
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eludes  that  the  beds  are  not  in  place  {Qwa,ri.  Joum,  Geol.  Soc.,. 
1884,  p.  317). 

Again,  writing  in  1889,  he  says :  **  The  presence  in  the 
bonlder  clay  of  well-rounded  beach  pebbles  and  of  Pholas  and 
SaxicavaA>QTeA,  limestones  proves  that  many  of  the  erratics 
must  have  been  for  some  time  on  a  sea-bottom  "  {Proc.  Yorks.. 
GeoL  and  Pol.  Soc.y  xi.,  p.  290). 

Carvell  Lewis  says:  *'0n  the  road  from  Ardfert  to  Bally- 
heige,  two  miles  north  of  Ardfert,  rounded  boulders  of  limestone- 
begin  to  appear  in  quantity.  Most  of  these  boulders  are 
curiously  eaten  in  short,  curved,  worm-like  burrows,  as  if  by 
a  marine  worm  or  mollusc,  indicating  that  they  have  been* 
in  the  sea  "  (OlacicU  Geology  of  Great  Britain,  p.  131). 

In  speaking  of  the  basement  clay  of  East  Yorkshire,  the- 
same  writer  says :  "  The  carboniferous  limestone  boulders  in 
the  basement  clay  are  smaller  and  more  rounded  than  in  the* 
purple  clay;  and  Mr.  Lamplugh  told  me  they  are  often 
perforated  by  marine  mollusca,  as  if  they  had  been  Ijring  on 
the  sea-bottom  before  the  ice-sheet  advanced  over  them  and 
took  them  up  "  {Glacial  Geology  of  Great  Britain,  p.  209). 

Kendall  says :  '*  At  the  Leyland  gravel  pit  (in  Lanca- 
shire), so  celebrated  for  its  rich  yield  of  shells,  bored  stones- 
are  said  to  be  abundant,  and  I  have  myself  found  one  there,, 
but  the  workmen  report  them  as  far  from  common.  A 
bored  stone  was  found  in  the  upper  boulder  clay  at  Newton,. 
near  Chester,  fragments  of  the  Saxicava  which  bored  the 
crypts  remained  in  the  holes,  and  the  holes  were  not  filled 
with  the  red  clay  in  which  the  stone  was  found  but  with 
sand"  {Qtuirt,  Joum.  GeoL  Soc,  xxx.,  p.  181).  "Another 
bored  stone  was  found  in  the  boulder  clay  at  New  Ferry.  It 
was  strongly  planed  and  striated  in  the  direction  of  its  longer 
axis.  ...  It  was  admitted  that  the  stone  might  have  been 
transported  after  all  the  boring  was  done  "  (Nature,  xl.,  p.  246 ;: 
Lewis,  Glacial  Geology  of  Great  Britain,  p.  427). 

In  a  paper  on  the  floor  deposits  of  the  Irish  Sea  which  con- 
sist of  drift,  Messrs.  Herdman  and  Lomas  remark  on  the 
plentiful  erratics  of  crystalline  rocks  encrusted  with  miUipores- 
and  polyzoa,  a  fact  showing  they  have  not  been  rolled  in  situ. 
Striated  stones  and  shells  are  not  imcommon,  especially 
where  the  bottom  is  muddy.    ''  Apart  from  the  shells  glacially 
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striated,  art  found  many  shells  in  a  sub-fossil  condition,  strongly 
suggestive  of  glacial  remam^"  Again,  speaking  of  the  profusion 
of  barnacle  valves  and  pecten  shells  on  the  floor  of  the  Irish 
Sea,  they  say  "  some  of  these  have  been  derived  from  glacial 
or  even  pre-glacial  deposits  ".  In  Mr.  G.  Beid's  remarks  on  this 
paper  he  says:  "Even  in  deep  water  (over  fifty  fathomsX 
stones  measuring  two  or  three  inches  in  diameter  may 
be  found  frequently  angular,  but  sometimes  well  rounded. 
These  cannot  have  been  rounded  by  current  action  in  situ,  as 
they  are  found  encrusted  by  delicate  polyzoa  in  a  fresh  and 
unrolled  condition.  None  of  the  stones  seem  to  have  been 
rolled  at  greater  depths  than  twenty  fathoms.  In  some 
deposits  sheUs  and  stones  are  characterised  by  having  received 
a  high  polish"  (op.  cit,,  pp.  213,  217).  All  this  is  consistent 
only  with  the  boulders  and  shells  in  question  having  been 
shaped  and  fashioned  and  altered  before  they  were  enclosed 
in  the  drift. 

A  propos  of  the  boulders,  we  must  not  forget  the  so- 
called  paladohthic  implements  occurring  in  the  drifts,  many 
of  which  show  very  plainly  their  derivative  character  and 
that  they  are  not  in  situ.  Their  weathered  and  scratched 
surfaces,  and  especially  the  skin  or  patina  with  which  they 
are  covered,  sometimes  on  both  sides,  sometimes  on  one  only, 
as  in  numerous  cases  in  the  fine  collection  of  Dr.  Sturges, 
point,  as  he  so  emphatically  argues,  to  their  being  much  older 
than  their  present  provenance  would  suggest.  In  a  paper  by 
Mr.  George  Clinch  on  the  drift  gravels  at  West  Wickham,  he 
says  of  some  of  the  palaeolithic  implements  he  found  that  a 
large  proportion  of  specimens  have  modified  angles  and  a 
general  appearance  of  smoothness  and  roundness.  He  attri- 
butes this  to  drift  wear.  In  others  he  says  there  is  no  sign 
of  such  wear,  but  they  retain  their  ridges  and  angles  quite 
sharp.  This  seems  to  me  clearly  to  point  to  the  former  class 
having  been  long  exposed  to  weathering  and  other  conditions, 
while  the  latter  were  either  much  newer  or  had  been  protected, 
and  I  see  no  occasion  to  invoke  any  glacial  conditions  to 
explain  the  phenomenon.  I,  however,  completely  agree  with 
Mr.  Clinch's  concluding  paragraph,  where  he  says :  "  The 
association  of  much-worn  implements,  unworn  implements 
and  flakes,  cores  and  waste  chips  in  the  same  bed  of  drift 
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'gravel  points  to  the  fact  that  we  have  here  a  collection  of 
material  which  has  been  brought  from  a  great  variety  of 
places  and  has  undergone  a  great  variety  of  conditions  and 
changes  "  {Quart,  Joum.  OeoL  Soc.,  Ivi.,  p.  9). 

Mr.  A.  M.  Bell,  in  his  remarks  on  the  paper,  agreed  with 
Mr.  Clinch  that  these  palaeoliths  had  come  from  various  sources 
«nd  had  travelled  in  some  cases  for  great  distances. 

Dr.  Sturges'  very  numerous  specimens  are  most  instructive 
in  this  behalf.  Many  of  them  which  have  come  out  of  the 
gravels  have  one  side  quite  black,  the  original  colour  of  the  flint 
not  having  been  altered,  while  the  opposite  face  is  entirely 
coated  with  a  milky  white  skin  or  patina,  a  condition  of  things 
only  compatible  with  their  having  lain  on  the  surface  a  long 
time  before  they  were  buried ;  others  have  the  white  patina 
covering  them  all  over ;  and  others,  again,  have  apparently 
been  rechipped  round  their  edges  after  the  patina  has  covered 
them.  In  addition  to  the  patina,  many  of  the  palaeoliths  are 
marked  by  striae,  showing  that  they  have  been  scratched  by 
some  force  which  has  rubbed  them  against  other  stones  before 
they  were  buried.  All  point,  it  seems  to  me,  the  same  moral 
as  the  facts  collected  in  this  chapter  as  to  the  derivative 
character  of  the  contents  of  the  drift,  and  of  its  being  com- 
posed of  previously  formed  and  shaped  materials. 

Sir  William  Dawson  says  that  the  beds  at  IsleVerte,  Bivi&re 
du  Loup,  Murray  Bay,  Quebec,  St.  Nicholas,  Little  Metas,  etc., 
often  contain  boulders  and  large  stones  covered  with  BcUarms 
Hameri  and  with  Bryozoa,  evidencing  that  they  have  for  some 
time  quietly  reposed  in  the  sea-bottom  before  being  buried  in 
the  clay.  This  is  indeed  the  usual  condition  of  the  boulder 
clay  in  the  lower  part  of  the  St.  Lawrence  river  {The 
Canadian  Ice  Age,  p.  38). 

This  evidence  is  all  most  instructive  and  consistent,  and  it 
shows  that,  so  far  as  we  can  judge,  the  rounded  and  polished 
boulders  we  find  in  the  drift  beds  are,  Uke  the  organic  remains 
found  in  them,  derivative,  and  that  they  were  ready-made  when 
the  force,  whatever  it  was,  that  distributed  them  took  them 
np  and  carried  them  along.  In  my  view,  they  were  for  the 
most  part  home-made — ^that  is  to  say,  they  were  manufactured 
•close  by  where  their  mother-beds  lay,  in  all  probability  by  the 
action  of  the  sea,  for  they  are  quite  unlike  river  gravels  or 
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river  shingle.  I  go  further :  just  as  we  have  seen  that  the 
greater  part,  if  not  all,  the  pebbles  in  the  gravels  and  shingles 
of  Southern  England  are  rearranged  tertiary  pebbles,  having 
come  from  Bagshot  or  Brocklesham  or  Beading  beds,  so  do  I 
hold  these  rounded  boulders  to  be  very  largely  of  tertiary  age. 

Similar  boulders,  as  we  all  know,  occur  in  the  crags  of  Suf- 
folk. Thus  Prestwich  mentions  finding  a  rounded  boulder  of 
dark  red  porphyry  of  considerable  size  and  weighing  about  a 
quarter  of  a  ton  at  the  base  of  the  coralline  crag  {Qwiri,  Joum^ 
OeoL  Soc,  xxvii.,  p.  117).  He  says  it  is  a  question  whence 
this  block  was  derived,  and  he  adds  he  knew  nothing  ana- 
logous to  it  in  England  or  Scotland,  and  that  it  was  still 
to  be  determined  whether  it  came  from  Scandinavia  or  the 
Ardennes.  The  oolitic  remains  found  in  the  same  bed  were 
probably  derived  from  strata  in  Central  England,  while  ProL 
Dawkins  referred  a  pliosaurian  vertebra  found  there  to  the 
Oxford  or  Kimeridge  clay  (ibid.y  p.  134).  Elsewhere  he 
speaks  of  the  many  fragments  of  secondary  rocks  and  of 
mountain  limestone  in  the  red  and  Norwich  crags  (ibid.^ 
p.  479). 

The  same  kind  of  evidence  is  forthcoming  in  Switzerland. 
In  the  Alps  no  beds  are  more  remarkable  than  the  vast  ter- 
iary  conglomerates,  whose  disintegration  it  seems  to  me 
supplied  the  equally  vast  sheets  of  rounded  boulders  which 
cover  with  their  stupendous  mantles  the  lower  grounds  of 
Switzerland  everywhere,  and  which  are  quite  beyond  the 
reach  of  any  agencies  now  at  work  there  or  any  conceivable 
ice  action  no  fashion.  For  an  explanation  of  these  boulders 
we  must  go  back  to  much  earlier  geological  times,  and  to  very 
different  conditions. 

Let  us  now  turn  to  another  feature  of  the  so-called 
glaciated  lands,  namely,  the  rounded,  rnouUmfUed,  polished 
surfaces  of  primitive  rock  which  occur  so  frequently  in  high 
latitudes,  in  most  cases  covered  and  disguised  by  great  sheets 
of  drift.  These  surfaces  have  been  very  generally  pointed  out 
as  the  crucial  tests  and  evidences  of  the  great  ice  age ;  and  I 
do  not  know  that  anyone  has  ventured  to  ask  whether  they 
are  not  much  older  than  they  are  generaUy  supposed  to  be. 
It  seems  to  me  that  this  is  an  issue  which  ought  to  be  raised 
and  settled  before  so  much  is  built  upon  it.    I  myself  know 
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of  no  direct  evidence  for  associating  the  date  of  the  rounding 
of  these  surfaces  with  the  period  of  the  distribution  of  the 
drift,  while  there  are  some  considerations  which  point  in  a 
very  different  direction. 

In  the  first  place,  it  is  difficult,  it  seems  to  me,  not  to 
associate  the  poUshing  and  rounding  and  eroding  of  these 
surfaces  with  the  manufacture  of  the  great  mass  of  the  crys- 
talline rounded  boulders  and  cobbles.  They  were  apparently 
two  results  of  one  cause,  and  were  made  at  the  same  time ; 
but,  as  we  have  seen,  the  rounded  boulders  and  cobbles  are  in 
all  probability  derivative,  and  belong  not  to  the  period  when 
the  drift  was  deposited,  but  to  an  earUer  age,  and  probably  to 
tertiary  times.  Hence  it  would  follow  that  these  smoothed 
and  rounded  surfaces  are  also  older  than  the  distribution  of 
the  drift,  and  probably  also  belong  to  tertiary  times. 

There  cannot  be  a  question  that  they  are  older  than  the 
drift  beds  actually  overlying  them.  They  cannot  have  been 
smoothed  and  rounded  while  protected  from  erosion  by  these 
deep  and  widespread  cushions  of  soft  materials.  Some  in- 
quirers would  make  out  that  these  soft  beds  are  merely  the 
moraine  left  by  gradually  and  continually  retreating  ice ;  but, 
as  we  shall  see  presently,  these  mantles  of  sorted  sand,  gravel 
and  boulder  clay  have  little  or  nothing  in  common  with 
moraines,  either  in  regard  to  their  contisnts,  internal  struc- 
ture or  external  outline ;  and  it  seems  impossible  to  doubt 
that  the  rounded  and  smoothed  beds  were  rounded  and 
smoothed  before,  and  probably  long  before,  the  drift  was 
distributed  over  them. 

Again,  if  we  examine  the  beds  underlying  the  drift  in  many 
places  where  they  do  not  consist  of  primary  and  crystalline 
rocks,  but  of  softer  secondary  ones,  we  shall  find  their  sur- 
faces torn  and  gashed  and  weathered  into  deep  holes  and  pits ; 
and  this  is  especially  the  case  with  the  chalk,  where  the 
potholes  are  so  often  deep  and  ruinous  and  filled  with  tertiary 
sands,  etc. — all  proving  that  these  surfaces  were  weathered 
and  worn  by  a  long  continuous  process  before  they  were  pro- 
tected from  further  damage  by  being  covered  over  with  gravel, 
loam  and  sand. 

Thirdly,  in  districts  where  we  have  the  rounded  and  whale- 
back  and  polished  structures  most  obviously  displayed,  we 
II.  17 
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often  have  these  surfaces  pieroed  by  the  so-called  giants 
cauldrons — spherical  deep  holes  with  polished  sides  and  lips, 
and  clearly  worn  by  the  swirling  motion  of  entangled  boulders, 
which  have  been  caught  by  some  obstruction,  and  have  then 
proceeded  to  turn  round  and  round  in  zitu  like  the  millstones 
in  a  null. 

It  ha»  been  the  fashion  to  associate  these  giants'  cauldrons 
with  glacial  operations,  because  they  chiefly  occur  in  crystal- 
hue  rocks  and  they  are  in  the  main  found  in  high  latitudes  ; 
but  the]|^  have  nothing  whatever  to  do  with  ice.  Ice  could 
not  possibly  be  the  agent  by  which  the  stones  in  the  holes 
were  turned  round.  This  could  only  be  water ;  and  inasmuch 
as  the  polished  surfaces  of  the  rounded  rocks  are  perfectly 
Continuous  with  those  of  the  cauldrons,  we  cannot  weU  sepa- 
rate the  agent  which  polished  the  one  from  the  agent  which 
polished  and  rounded  the  other  ;  and  it  seems  almost  certain 
that  in  both  cases  we  have  to  do  with  polishing  caused  by 
loaded  water  in  motion  and  have  nothing  to  do  with  glaciers. 
If  a  giants*  cauldron  could  be  made  under  a  glacier  at  all,  it 
must  be  by  a  glacier  torrent  which  would  be  acting  like  any 
other  torrent. 

If  we  examine  the  situations  where  these  giamts'  cauldrons 
occur  on  the  tops  of  hills  or  on  their  slopes,  as  at  Trollhatten^ 
Lucerne,  etc.,  we  shall  see  further  that  it  is  not  possible  for 
water  to  have  flowed  over  them  in  the  shape  of  a  torrential 
stream  and  set  these  boulders  gjrrating  in  the  holes  with  the 
present  contour  of  the  country.  That  must  have  entirely 
changed  since  the  cauldrons  were  made — which  is  another 
reason  for  dating  them  back  beyond  the  time  of  the  distri- 
bution of  the  drift. 

Again,  if  we  examine  coasts  in  high  latitudes  which  we  have 
strong  grounds  for  beUeving  have  recently  risen  from  the  sea, 
since  the  land  there  is  terraced  with  old  sea  margins,  we  shall 
*be  very  much  struck  with  what  we  see.  On  the  coasts  of 
Norway  and  Southern  Sweden  we  have  a  vast  number  of 
hump-shaped  islands  with  smoothed  backs,  looking  very 
much  like  a  fihoal  of  petrified  whales.  Pettersen,  who 
knew  the  phenomenon  well,  refused  to  attribute  it  to  glacial 
action  at  all,  and  argued,  and,  as  I  think,  showed,  that  it  was 
due  to  the  action  of  the  tide  when  loaded  with  stones,  and 
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probably  also  with  BhoriB  ice,  working  upon  a  shallow  bottom. 
It  is  a  feature  of  all  rising  coasts,  and  is  especially  noticeable 
in  the  islands  off  the  coast  of  Gireenland,  &tid  in  those  of  the 
North  American  archipelago  described  by  the  various  arctic 
explorers. 

It  seems  to  me  that  every  analogy  points  to  the  similar 
phenomena  in  the  various  archipelagoes  in  the  North  Sea, 
the  Faroes,  Shetlands,  Orkneys,  Hebrides,  etc.,  having  had  a 
similar  origin,  and  this  applies  also  to  the  rolling  mcmUmnM 
smoothed  surfaces  we  find  in  Scotlahd  and  elsewhere. 

Apart  from  this,  which  may  be  an  arguable  issue,  we  hate 
certain  kinds  of  evidence  pointing  to  the  time  when  this 
smoothing  and  rounding  of  the  surfaces  of  the  archipelagoels 
in  question  and  of  Scotland  took  place  having  been  much  older 
than  is  generally  supposed.  The  animal  and  vegetable  tenants 
of  these  archipelagoes  cannot  have  reached  them  except  over- 
land, and  speak,  therefore,  of  a  time  when  the  greater  part 
of  the  North  Sea  and  of  the  Irish  Channel  was  occupied  by 
land.  Inasmuch  as  the  vegetation  in  question  mantles  and 
covers  the  rounded  and  smoothed  surfaces  in  question,  it 
shows  that  a  great  geographical  change  has  occurred,  causing 
a  radical  redistribution  of  land  and  water  since  these  sur- 
faces  were  smoothed  and  rounded  as  we  find  them. 

On  the  other  hand,  the  distribution  of  the  shell  beds  in  situ 
on  the  coasts  of  Scotland,  which  We  have  tried  to  show  are 
older  than  the  time  of  the  distribution  of  the  drift  round  the 
coasts  of  Great  Britain,  seems  to  show  that  the  present  coast 
lines  have  not  materially  altered  in  outline,  nor  has  the  level 
of  the  land  materially  changed  since  these  molluscs  were 
living.  This  seems  to  show  that  the  separation  of  the  islands 
from  the  mainland,  and  perhaps  from  each  other,  and  the 
breaking  down  of  the  land  bridge  which  united  them,  is 
much  older  than  the  distribution  of  the  drift — a  fortiori, 
therefore,  must  the  smoothing  and  rounding  of  the  whale- 
backed  islands  and  the  moutormM  surfaces  in  question  be 
older. 

All  these  are  cumulative  arguments  pointing  to  the  surfaces 
in  question  being  really  relics  and  traces  of  tertiary  erosion 
and  denudation,  and  of  their  having  originated,  like  the 
rounded  boulders  originated,  long  before  the  distribution  of 
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the  drift.    I  know  of  no  evidence  direct  or  indirect  to  set 
against  or  to  qnalify  this  conclusion . 

A  general  and  most  important  result  from  these  facts  and 
arguments  is  that,  whatever  it  was  that  mixed  and  distributed 
the  soft  surface  beds  of  the  drift,  it  had  no  part  in  manufacturing 
the  ingredients  out  of  which  those  beds  were  fashioned.  These 
ingredients  were  already  fashioned  and  ready  to  its  hands. 
The  sands  were  already  there  in  the  shape  of  crag  and  Bag- 
shot  and  Beading  sands.  The  clays  were  there  in  the  form 
of  Chillesford  clay,  London  clay,  Oxford  clay,  Eimeridge 
clay,  etc.  The  polished  flint  and  quartzite  pebbles  were  then 
in  the  form  and  shape  we  now  find  them.  The  chalky  oolitic 
and  liassic  rubble  was  then  in  the  form  of  rubble,  and  the 
far-transported  crystalline  boulders  were  rounded  and  ready 
for  transportation ;  while  the  rounded,  polished  and  mou- 
tofmied  and  whale-backed  rocks  which  attract  us  all  wherever 
they  occur  in  situ,  and  have  converted  many  sceptics  to  the 
glacial  faith,  were  there,  and  all,  so  far  as  we  can  see,  belong  to 
an  older  horizon  altogether. 
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CHAPTER  XIV. 

STRIATED  BOCKS  AND  BOULDERS  AND  THE  ANGULAB  DBIFT. 

"  It  seems  physically  impossible  that  a  sheet  of  ice  could  move  over  an  un- 
«Ten  sorbMse,  striating  it  in  directions  uniform  over  vast  areas  and  often 
different  from  the  present  inclinations  of  the  surface.  Glacier  ice  may  move 
on  very  slight  slopes,  but  it  must  follow  these  (since  gravitation,  along  with 
the  more  or  less  plastic  nature  of  the  ice,  has  been  shown  to  be  the  cause  of  its 
motion) ;  and  the  only  result  of  the  immense  accumulations  of  ice  supposed 
would  be  to  prevent  motion  altogether  by  the  limit  of  slope  or  the  counter- 
action of  opposing  slopes,  or  to  induce  a  slight  and  irregular  motion  towards 
the  margins,  or  outward  from  the  more  prominent  protuberances  "  (Dawson, 
The  Canadian  Ice  Age,  p.  14). 

One  of  the  great  fltmnbling-blocks  attaching  to  the  explana- 
tion of  the  drift  which  was  current  among  "  the  Old  Masters  " 
was  the  difficulty  of  accounting  for  the  enormous  dynamical 
work  necessitated  by  the  facts  and  involved  in  the  postulate 
of  a  great  flood  of  waters  to  which  they  attributed  not  only 
the  distribution  of  the  drift  but  also  the  rounding  of  the 
pebbles  in  the  gravel,  the  making  of  the  boulders,  and  the 
rounding  and  polishing  of  the  great  rock  surfaces.  How  all 
this  could  have  been  the  result  of  any  single  or  even  any  re- 
peated flood  of  waters  acting  for  a  short  time  seemed  incredible, 
and  so  it  was  and  so  it  remains. 

The  same  infirmity  in  another  way  attaches  to  the  extra- 
vagant postulate  of  the  ultra-glacialists.  They  also  try  to 
explain  the  whole  of  the  phenomena  in  question  by  the 
operation  of  a  great  ice-sheet  or  of  great  ice-sheets  which  are 
supposed  to  have  similarly  manufactured  the  rounded  pebbles 
in  the  gravels  and  the  boulders,  and  to  have  smoothed  and 
rounded  the  rock  surfaces,  and  thus  involve  themselves  in  a 
demand  not  only  for  an  ice  period  but  for  an  immensely  long 
one,  a  demand  inconsistent  with  the  facts. 

I  have  argued  and  tried  to  show  in  the  previous  chapter 
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that  it  is  a  mistake  to  attribute  the  manufacture  of  the 
materials  of  the  drift  to  any  cause  which  acted  canJtempo- 
raneofisly  ynth  its  distribution,  and  to  show  further  that  the 
pebbles  and  boulders  and  rounded  rock  surfaces,  as  well  as 
the  sands  and  clays  and  brick-earths  associated  with  them, 
date  from  a  much  older  time,  and  belong,  in  fact,  to  tertiary 
or  even  earlier  days, — that  in  solving  the  drift  problem  what 
we  have  to  find  is  not  an  instmment  capable  of  producing  all 
these  effects,  a  mill  capable  of  grinding  all  this  geological 
grain,  but  only  one  capable  of  rearranging  and  redistributing 
materials  which  had  been  fashioned  long  before.  In  view  of 
the  evidence  here  collected,  it  seems  to  me  incumbent  on 
the  champions  of  the  glacial  period  to  reconsider  the  problem 
they  have  so  pertinaciously  fought  about,  and  to  make  a 
clear  separation  between  two  entirely  separable  and  separate 
phenomena — the  manufacture  of  the  drift  materials  and  the 
subsequent  distribution  of  the  same.  This  is  a  most  material 
part  of  my  case,  and  it  seems  to  me  that  the  evidence  above 
collected  puts  the  burden  of  proof  of  showing  the  contrary  on 
the  other  side.  In  the  previous  chapters  I  have,  in  fact,  tried 
to  show  that  neither  the  organic  nor  the  inorganic  contents  of 
the  drift,  with  the  exception  of  the  angular  boulders  and  the 
angular  drift,  are  contemporary  with  the  distribution  of  the 
drift.  They  are  all  derivative.  They  nowhere  in  themselves 
testify  to  any  prolonged  drift  period,  any  more  than  the  rounded 
pebbles,  clay  and  sand  distributed  by  a  great  inundation 
testify  to  that  inundation  having  been  a  very  prolonged  affair. 
The  evidence  of  a  prolonged  glacial  period  or  drift  period  is  not 
forthcoming.  All  we  have  evidence  of  is  a  redistribution  and 
re-assortment  of  ready-made  materials,  which,  for  aught  that 
we  know,  primA  facie,  may  have  been  a  very  rapid  one.  Before 
we  turn  to  the  mode  of  distribution  of  the  drift  and  its  explana- 
tion, we  must,  however,  consider  two  matters  which  may  be 
reasonably  concluded  to  be  largely  contemporary  with  its 
distribution,  and  which  stand  in  a  different  category  to  the 
phenomena  described  in  the  previous  chapter. 

The  phenomena  in  question,  which  in  my  view  have  thus 
to  be  explained,  are,  first,  the  striation  of  the  pebbles  ^lUd  the 
rock  surfaces ;  secondly,  the  origin  of  the  angular  boulders  and 
QOTcalled  angxUar  drift.     These  are  phenomena  which  9eem 
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to  me  to  be  linked  together  i^b  attributable  more  or  lesp 
directly  to  the  same  cause,  and  as  having  occurred  at  the  same 
time  as  the  distribution  of  the  drift  itself.  Were  they  the 
handiwork  of  ice  or  of  water  ?  That  is  the  riddle  which  I 
have  tried  to  answer  a  good  many  times,  and  am  trying  to 
again  answer. 

First  in  regard  to  the  so-called  glacial  striae.  That  these 
grooves  and  scratches  which  so  wonderfully  mark  the  surface 
of  Scandinavia,  Scotland,  and  other  so-called  glaciated  coun* 
tries  were  the  handiwork  of  ice  and  ice  only  has  become  an 
article  of  absolute  belief  among  all  good  geologists,  and  by 
good  I  mean  all  who  conform  to  the  Thirty-Nine  Articles  of 
the  faith  as  laid  down  by  the  orthodox  preachers  of  the  science. 
It  was  not  always  so.  Some  of  the  keenest  and  wisest  and 
most  experienced  among  the  older  masters,  such  as  Durocher 
and  Sefstrom  and  others,  utterly  repudiated  the  contention, 
and  it  has  certainly  been  by  persistent,  hard  assertion  rather 
than  by  forcible  argument  that  the  modem  view  has  dis- 
placed the  old  one. 

That  a  sharp-edged  hard  stone  or  a  nxmxber  of  such  stones 
will,  when  moved  over  a  bed  of  rock  with  sufficient  force  and 
pressure,  score  and  indent  and  scratch  that  bed  is  as  certain 
as  that  a  wood-engraver's  tool  will  do  the  same  on  a  wood 
block ;  and  a  cartoon  in  Pwnch  is  not  a  more  certain  witness 
to  the  handiwork  of  some  wood  engraver  than  is  the  polished 
and  striated  and  scratched  surface  of  Scandinavia  of  there 
having  passed  over  it  some  powerful  scouring  and  denuding 
force,  armed  with  sharp  stones  or  other  graving  tools.  This 
is  quite  certain,  and  no  one  disputes  it. 

What  Sefstrom  and  Durocher  disputed,  and  what  I  venture 
to  follow  them  in  disputing,  is  the  conclusion  that  this  force 
must  necessarily  have  been  ice. 

Ice,  no  doubt,  when  holding  pebbles  and  stones  in  its 
grasp,  does,  in  the  instance  of  Alpine  and  other  glaciers, 
sometimes  scarify  the  bed  and  sides  of  the  channel  in  which 
it  moves.  This  I  do  not  dispute.  What  I  say  is,  that  water 
when  loaded  with  precisely  the  same  stones  will  do  the  sanxe 
thing ;  that  the  graving  tools  in  either  case  would  be  the  same. 
The  only  difference  would  be  that  in  one  instance  they  would 
be  held  in  the  grasp  of  a  slowly  moving  viscous  mass,  and 
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in  the  other  of  a  rapid  moving  bat  more  fluid  grasp.  Any 
number  of  cases  may  be  cited  where  flooding  waters  loaded 
with  gravel  have  scored  rock  surfaces,  etc.,  etc.  The  condi- 
tions of  this  work  are  very  patent  and  obvious — namely,  that 
the  torrent  shall  flow  very  quickly  and  be  loaded  with  more 
or  less  angular  debris. 

Here  I  would  put  in  a  oatDeaX,  We  are  continually  reminded 
that  there  are  only  few  scratches  on  river  gravel  and  sea 
shingle ;  of  course  there  are,  because  the  stones  in  river  gravel 
and  sea  shingle  have  had  their  edges  rubbed  down  and  are 
smoothed.  A  burnishing  tool  does  not  scratch  a  surface.  In 
order  to  have  scratches  and  groovings,  you  must  have  more 
or  less  angular  and  edged  graving  tools.  With  rounded  and 
polished  gravel,  you  may  dig  out  troughs  and  hollows  in  a 
rock,  but  not  scratch  it  with  fine  strisd. 

I  have  in  a  previous  chapter  collected  a  considerable 
number  of  instances  to  show  how  striae  are  continually 
being  made  on  rocks  and  boulders  by  very  ordinary  pro- 
cesses far  removed  from  ice-sheets  {anU^  vol.  i.,  pp.  173-178). 
To  these  I  may  add  a  few  more.  First  in  regard  to  scratched 
boulders.  Nothing  is  so  attractive  to  a  glacialist  as  a  scratched 
stone,  and  to  many  glacialists  a  scratch  on  a  stone  means  a 
former  glacier.     Let  us  test  this. 

In  the  report  of  the  British  Association  for  1880,  p.  386, 
SoUas  exhibited  a  striated  fragment  of  carboniferous  lime- 
stone from  the  triassic  breccia  of  Portishead.  The  striation, 
he  says,  was  not  due  to  glacial  action,  but  is  of  the  nature  of 
a  slickenside.  The  fragment  was  derived  from  the  neigh- 
bourhood of  a  great  fault.  It  serves,  he  says,  as  a  caution  in 
receiving  statements  with  regard  to  the  finding  of  striated 
fragments  which  had  not  been  submitted  to  competent 
authorities.  The  same  geologist  has  described  a  number  of 
triassic  pebbles  from  Polskemet,  Monmouthshire.  They 
were  of  all  sizes  up  to  a  foot  or  more  in  diameter,  and  well 
roimded  at  the  edges  and  corners.  The  smoothed  surface  of 
these  pebbles  is  abundantly  striated,  especially  on  and  around 
the  edges  and  comers ;  the  strisd  conmience  as  exceedingly 
delicate  fine  lines,  which  frequently  deepen  and  widen  in  their 
course  till  they  terminate  abruptly  so  as  to  present  the  form 
of  a  half -cone.   At  the  deep  end  of  the  trough  (base  of  the  cone) 
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s  grain  of  quartz  sand  is  sometimes  fonnd  imbedded.  Some- 
times, however,  the  striae  are  mere  scratches,  thinning  ont 
at  each  end;  they  are  not  always  straight,  bat  sometimes 
curved,  a  whole  group  of  parallel  striae  being  occasionally 
abruptly  flexed  to  one  side  and  then  back  again  into  their 
original  direction.  Now  and  then  a  furrow  as  much  as  a 
quarter  of  an  inch  wide  may  be  observed,  its  sides  being 
scored  with  delicate  parallel  striae.  Mr.  SoUas  then  goes  on 
to  explain  how  these  striae  were  produced,  namely,  ''  by  the 
presence  of  sand  grains  in  the  matrix  about  the  pebbles, 
which,  when  the  pebbles  were  pressed  together,  thus  exerted 
pressure  on  the  sand  grains  l}ang  between  them."  That  there 
has  been  such  pressure,  he  says,  is  shown  by  the  fact  that 
some  of  the  smaller  pebbles  are  sinking  some  distance  into 
the  larger  as  though  they  had  been  pressed  into  a  yielding 
substance.  This  pressure  he  derives  from  the  thick  beds  of 
sediment  which  once  covered  the  conglomerate,  and  which 
would  be  resolved  not  only  in  directions  normal  to  the  touch- 
ing surfaces  of  the  pebbles,  but  also  in  others  leading  to 
movements  along  Unes  of  least  resistance.  The  quartz 
grains  lying  between  the  pebbles  would  not  only  be  pressed 
against  but  dragged  over  them.  As  they  began  to  move 
they  would  produce  a  delicate  almost  imperceptible  striation, 
and  with  continued  progress  this  would  deepen,  the  grit 
would  "  bite  "  more  deeply  into  the  stone,  and  would  at  length 
become  too  far  embedded  to  overcome  the  resistance  in  front ; 
then  it  would  be  brought  to  a  standstill,  and  remain  as  we 
now  find  it,  implanted  at  the  end  of  the  trough  which  it  has 
excavated.  He  goes  on  to  suggest  that  ''the  pebbles  and 
boulders  formed  the  beach  of  the  triassic  sea,  that  under 
great  pressure  they  were  packed  closer  together,  forced  one 
into  the  other  and  pitted  all  over  with  embedded  sand  grains ; 
lateral  movements  dragged  along  the  sand  grains  over  the 
surfaces  of  the  pebbles,  scoring  them  with  delicate  furrows 
and  striae.  Subsequently  the  dolomitic  parts  between  the 
pebbles  cemented  into  a  hard  matrix,  and  bound  the  whole 
together  into  a  conglomerate."  This  is  a  most  instructive 
diagnosis,  and  one  which  should  be  taken  to  heart  by  those 
who  fancy  that  every  scratched  stone  or  every  heap  of 
scratched  stones  necessarily  bespeaks  a  glacial  origin.     Mr. 


a66  Ic^  or  Water. 

Sollaa  says  emfhatioali/^^ ''  glacial  action  is  here  indeed  entirely 
out  of  the  question  "  (Qeol.  Mag.,  1881,  pp.  79,  80). 

Speaking  of  the  neighbourhood  of  Aglish,  in  Ireland^ 
Garvell  Lewis  says  no  true  glacial  drift  is  observed.  Drift 
consisting  of  a  mixture  of  sharp  and  rounded  fragments, 
some  of  them  scratched,  occurs  on  the  sides  of  the  hills.  I 
take  it  to  be  ''creep  drift*'  or  ''avalanche  drift".  The 
scratching  of  the  fragments  is  due  to  sliding;  all  the 
material  is  local.  The  soil  is  a  mixture  of  sand  and  clay ; 
the  fragments  have  their  flat  sides  down  (Olacial  Oeology, 
p.  186). 

Speaking  of  Haulbowline  Island  in  Cork  Harbour,  Iiewia 
also  says :  "At  the  lower  end  of  the  island,  where  there  ia 
much  'made  ground,'  there  is  an  impure  clay,  full  of  stones, 
shells  and  bouldera  The  latter  are  often  scratched.  None 
of  this  is  more  than  five  feet  above  the  sea.  The  scratched 
stones  were  scratched  perhaps  artificially.  At  least  they  were 
not  scratched  by  a  glacier.  There  is  another  case  of  scratched 
stones  occurring  in  clay  outside  of  the  glaciated  area.  They 
probably  came  from  below  the  sea-level. 

"  A  similar  case  occurs  in  the  Severn,  where  during  the  ex* 
cavation  of  a  tunnel  under  the  bay  scratched  stones  were 
found,  as  Prof.  Sollas  has  informed  me.  I  expressed  the 
opinion  in  Beport  Z.  that  scratched  stones  are  characteristic 
of  a  glaciated  area,  but  I  have  changed  this  opinion,  having 
seen  scratched  stones  at  many  places  in  America,  Ireland  and 
England  outside  of  the  region  covered  by  land-ice.  Scratched 
stones  abound  all  over  the  South  of  England,  near  London, 
Birmingham,  etc.  I  found  them  on  the  Susquehanna,  coast 
of  Berwick,  at  Oil  City,  Clean  Bock  City,  etc.,  outside  of 
the  glaciated  area;  and  in  Ireland  about  Listowel,  etc.  I 
found  them  also  in  the  stratified  drift  south  of  Dublin*'^ 
(ibid,,  p.  140). 

Speaking  of  Pembrokeshire  Dr.  Hicks  says  :  "  I  may  here 
give  a  note  of  warning  to  those  who  are  likely  to  visit  the 
district  not  to  be  deceived  by  the  parallel  markings  which  are 
frequently  seen  on  the  boulders,  and  which,  after  a  certain 
amount  of  weathering,  look  exceedingly  like  ice  scratches. . . . 
The  more  conspicuous  markings  have  been  caused  by  the 
passage  of  a  plough  or  harrow  across  them  when  lying  just 
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bcdow  the  surface  of  the  ground  "  (OlacialUU*  Magazine,  1894». 
p.  6). 

I  do  Dot  dispute  that  glaciers  sometimes  striate  boulders* 
It  is  quite  true  that  some  of  the  stones  found  in  moraines  at 
the  bottom  of  living  glaciers  are  striated,  but  their  number  is 
compiM^tiyely  very  small  compared  with  those  which  can  be 
found  in  Alpine  valleys  as  the  result  of  land  slides.  But 
whether  the  number  be  small  or  great,  it  is  clear  that  in 
modern  moraines  striated  boulders  do  sometimes  occur.  It 
does  not  foUow,  however,  that  ice  has  had  anything  to  da- 
with  many  or  most  of  them.  A  moraine  is  a  medley  and 
inixture  of  boulders,  sand  and  clay.  The  boulders  are  of  two 
Ipnds,  angular  and  worn.  .  The  worn  boulders  again  are  of 
two  kinds ;  a  large  proportion  of  them  are  rounded  and  have 
had  all  their  angles  smoothed  down  by  a  clear  process  of 
rolling,  and  this,  if  the  boulders  are  not  from  older  beds  but 
made  on  the  spot,  could  only  have  happened  in  sub-glacial 
streams  and  not  as  glacier-held  stones.  We  cannot  under- 
stand how  the  latter  could  roll  at  all,  or  if  they  could,  their 
motion  in  turning  would  be  so  infinitely  slight  and  slow  that 
we  cannot  understand  it  producing  boulders  or  marks  on  them. 
True  ice  stones  have  parallel  sides,  or  one  side  smoothed 
down  by  being  held  down  by  the  ice  against  the  glacier 
bed,  sometimes  with  a  slight  layer  of  sand  in  between,  and 
they  have  thus  got  their  smoothed  faces  slightly  striated. 
Such  stones  no  doubt  occur  in  true  moraines.  They  are  a 
small  fraction  of  the  whole.  The  larger  fraction  being  true 
water-worn  and  water-rolled  boulders. 

I  should  be  content  with  the  modes  of  argument  of  the 
glacial  champions  on  this  point  if  they  were  to  put  out  of  the 
boulder  clays  these  stones  with  smoothed  and  parallel  faces 
showing  striaB,  and  limit  their  conclusion  to  them.  Their 
case  would  indeed  be  a  small  one  if  this  were  their  method 
of  argument.  On  the  contrary,  with  them  every^  striated 
stone  is  an  ice  stone,  whether  it  be  a  kidney  boulder  or  a 
boulder  with  rounded  angles,  i.e.,  plainly  water-rolled  stones 
or  so-called  shpper  stones  or  skids. 

A  most  important  document  in  regard  to  the  question  we 
are  discussing  is  Colonel  Fielden's  paper  on  the  "'Glacial 
Qeology  oi  Arctic  Europe  and  its  Islands  "  {Quart.  Joum.  OeoL 
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Soc.,  pp.  611-652,  etc.).  Colonel  Fielden  found  on  the  island  of 
Kolgnef,  situated  between  Nova  Zembla  and  the  mainland  of 
Bussia,  a  vast  number  of  striated  boulders,  and  Dr.  Hinde,  in 
the  discussion  which  followed  the  reading  of  his  paper,  found 
them  so  typically  the  kind  of  striated  boulders  upon  which 
glacialists  have  built  up  their  theory  that  he  said :  "  The  dis- 
tinctly striated  boulders  and  the  other  specimens  brought  by 
the  author  from  Kolguef  indicated  that  the  clays  in  which  they 
were  embedded  were  of  the  nature  of  genuine  botdder  clay  formed  be- 
neath a  glacier  *\  Colonel  Fielden,  whose  experiences  of  Arctic 
geology  few,  if  any,  could  match,  was  most  emphatic  on  the 
other  side.  He  said  he  could  assure  the  Fellows  that  the 
Kolguef  beds  are  as  certainly  sedimentary  beds  as  the  Thanet  sands 
-or  the  thalassic  ooze  of  Barbadoes,  and  he  consequently  entirely 
disputed  the  view  propounded  by  Dr.  Hinde  and  Dr.  Gregory 
that  the  deposit  was  that  of  an  ice-sheet. 

In  regard  to  the  boulders  in  question,  he  says  that  *'  all  the 
streams  in  the  island  in  the  latter  part  of  their  course  run 
over  stones  and  boulders  which  have  been  washed  out  of  the 
surrounding  mud  beds.  An  examination  of  these  stones, 
which  are  of  every  shape  and  form,  from  angular  fragments 
to  rounded  and  polished  rocks,  shows  that  a  large  proportion  are 
ice-scratched  *'  (say  rather  scratched,  H.H.H.).  "  The  medley 
•of  rocks  represented,"  he  says,  ''is  remarkable,  granites  and 
gneisses,  limestones,  silurian  and  carboniferous  grits,  quartz- 
ites,  porphyries,  a  variety  indeed  so  great  that  it  would  take  a 
trained  petrologist  to  enumerate  them,"  and  he  describes  them 
as  ''lying  in  the  mud  in  most  disordered  fashion  Uke  currants 
in  a  cut-loaf.  One  that  lay  in  a  stream  bed  a  few  miles  north 
of  a  river  was  a  huge  block  of  very  hard  yellow  sandstone, 
polished,  scored  and  striated.  Along  its  major  axis  it  had 
deep  flutings  cut  into  it,  and  in  addition  it  was  transversely 
scratched.  It  measured  fifteen  feet  in  length,  nine  feet  in 
breadth  and  six  feet  in  height."  Colonel  Fielden  adds :  "I 
have  no  altogether  satisfactory  explanation  to  advance  for  the 
presence  of  such  inmiense  numbers  of  ice-scratched  stones  as 
occur  in  these  sedimentary  beds  of  Kolguef.  The  action  of 
«n  ice-sheet  cannot  be  invoked  at  Kolguef;  yet  seeing  that  the 
ice-scratched  (say  scratched,  H.H.H.)  stones  throughout  the 
Kolguef  beds  must  in  the  aggregate  amount  to  millions,  one 


The  Arctic  Evidence  about  Striated  Stones,     269» 

naturally  asks  where  were  they  manof  actnred  ?  Undoubtedly 
stones  frozen  into  the  bottom  of  floating  ice  become  scratched 
and  polished  when  strsmded  on  shores  where  there  is  sufficient 
rise  and  fall  to  admit  of  the  ice-rafts  grating.  I  have  seen 
this  process  of  manufacture  going  on.  It  is,  however,  diffi- 
cult to  conceive  a  train  of  circumstances  which  admitted  of 
erratics  being  transported  in  floe-ice  to  some  rocky  coast,  there 
to  be  scratched  and  then  carried  out  to  sea,  and  deposited  on* 
the  floor  of  the  ocean.  ...  If  we  admit  that  the  Eolguef 
erratics  came  from  glaciers,  where  do  we  suppose  those 
glaciers  to  have  existed  during  the  period  when  the  Eolguef 
beds  were  deposited?*'  This  is  all  surely  very  eloquent, 
especially  if  we  accept,  as  I  do,  my  friend  Prof.  Bonney's  con- 
clusion that  ''  we  ought  to  explain  British  deposits  by  those 
of  Arctic  regions  rather  than  to  follow  the  reverse  process  *' 
{ibid.,  p.  65).  Colonel  Fielden's  concluding  words  must  have 
a  very  harsh  and  troublous  sound  to  the  champions  of  ice- 
sheets  and  the  Olaoiai  Nightma/re.  He  says :  ''  It  is  suggestive- 
that  all  the  glacial  deposits  which  I  have  met  with  in  Arctic 
and  Polar  Ismds,  with  the  exception  of  terminal  moraines,  now 
forming  above  sea-level  in  areas  so  widely  separated  as  Smith's 
Sound,  Orinnell  Land,  Northern  Greenland,  Spitzbergen, 
Novaya  Zemblaya  and  Arctic  Norway,  should  be  glacio-marine 
beds.  Throughout  this  broad  expanse  of  the  Arctic  regions  I 
have  come  across  no  beds  that  could  be  satisfactorily  assigned 
to  the  direct  action  of  land-ice ;  that  is  to  say,  beds  formed 
in  ntuhy  the  grinding  force  and  pressure  of  an  ice-sheet.  Oni 
the  contrary,  so  far  as  I  can  judge,  the  glacial  beds  which  I 
have  traced  over  the  extensive  area  mentioned  above  have  all 
been  deposited  subaqueously  and  re-elevated  "  (tWd.,  pp.  67, 58). 

Let  us  now  turn  from  striated  boulders  to  striated  surfaces. 
Here  again  I  have  previously  collected  a  number  of  instances- 
to  show  how  frequently  such  striations  were  due  to  much 
more  prosaic  causes  than  ice-sheets  {(mte,  pp.  173-178).    I 
vnll  quote  a  few  more. 

The  occurrence  of  such  s  triad  on  crystalline  rocks  in  the  very 
hottest  parts  of  India,  as  for  instance  in  Scinde,  seems  to  be 
almost  conclusive  evidence  that  they  are  due  in  many  cases 
to  other  causes  than  ice  action.     Thus  Blandford  describes- 
how  in  one  place  the  surface  of  the  porphyry  underlying  a 
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boulder  bed  was  unaaually  conooth  and  distinctly  striata,  the 
fltrifld  ninning  north-east  and  south-west  (see  Becords,  Qtol. 
Sur$.  India,  x.,  p.  14,  etc.). 

Sir  W.  G.  Trevyham  describes  on  the  way  from  Megara  to 
<3orinth  the  road  as  passing  along  the  base  of  the  clifEs  where 
the  limestone  bed  was  nearly  vertical  for  about  200  feet  in 
length  and  about  fifty  in  height.  Wherever  it  is  protected  from 
the  weather  it  is  highly  polished  and  scratched,  several  of  the 
scratches  extending  for  several  feet,  so  as  to  be  nearly  parallel 
with  each  other  and  vertical.  When  they  are  not  water- worn 
he  compares  them  with  those  on  the  polished  limestone  of 
the  Jura  and  Neuch&tel,  which  they  also  resemble  in  texture 
ikhd  colour.  Not  having  detected  traces  of  glacial  action  at 
much  higher  elevations  on  Mount  Parnassus,  he  considered 
that  in  this  latitude  and  at  such  a  low  level  the  scratches 
could  not  be  attributed  to  glacial  action  or  floating  i(ie. 
Having  found  a  portion  of  rock  apparently  in  its  original 
sitiiation  in  contact  with  the  polished  surface,  he  was  led  to 
conclude  that  this  was  a  case  of  "slickensides,''  perhaps  the 
effect  of  an  earthquake;  and  that  the  scratches  may  have 
been  produced  by  particles  of  sand  or  chert  between  the  two 
surfaces  when  they  were  put  in  motion.  He  noticed  at  the 
^  opening  of  a  gorge  on  tbe  south-east  flank  of  Parnassus,  above 
the  town  of  Daulia,  extensive  mounds  of  gravel,  debris  and 
boulders  derived  from  the  upper  end  of  the  gorge,  and  re- 
sembling in  form  both  longitudinal  and  transverse  moraines, 
and  including  small  lakes  or  pools,  but  as  there  was  no  evi-^ 
dence  of  glaciers,  he  looked  upon  the  phenomena  as  the  restdt 
of  floods  caused  by  melting  snow  and  avalanches  and  storms 
'{Proc.  Qeol.  Soe.,  iv.,  p.  203). 

The  same  kind  of  witness  is  borne  by  the  occurrence  of  such 
flutings  and  striae  in  the  older  beds  whose  structure  and  con- 
tents prove  them  to  have  had  a  tropical  or  semi-tropical  origin 
and  remove  them  from  all  possibility  of  ice  action  thus. 

In  a  paper  on  groovings  and  boulders  found  in  the  Dukin- 
field  coal  mine,  Mr.  J.  Eadcliffe,  P.G.S.,  says:  "The  single 
groovings  vary  in  depth  from  a  few  inches  to  eighteen  inches, 
and  in  width  from  one  foot  to  three  feet.  Occasionally 
several  of  these  grooves  run  close  together  and  then  widen 
•out  into  otie  broad  'scour*  or  groove  of  fifteen  or  even 
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eighteen  feet  wide,  as  if  the  base  of  a  large  moving  body  had 
come  in  contact  with  the  upper  surface  of  the  coal  bed. 
These  grooves  have  been  traced  at  intervals  over  a  distance 
of  from  500  to  600  yards  in  length,  and  from  fifty  to  sixty 
yards  in  width.  The  mean  line  of  bearing  of  the  grooves 
is  south  to  east.  This  line  is  not  connected  nor  nearly 
parallel  with  any  fault  or  fault  slips,  and  there  are  no  dislo- 
cations where  the  grooves  occur.  The  grooves  run  down 
into  the  coal,  and  are  filled  with  shale  like  that  on  each  side 
of  the  coal." 

Mr.  Blandford  in  the  discussion  suggested  that  the  grooves 
might  have  been  caused  by  floods  at  the  time  when  the  beds 
were  being  deposited.  He  had  seen  such  excavations  in 
plains  over  which  water  had  passed  (Qtkir^.  /our.  Qw>l.  Soc., 
xliii.,  pp.  509-604). 

lict  us,  however,  come  nearer  home.  In  regard  to  the 
scratched  and  polished  surfaces  near  Edinburgh  attributed  by 
Buckland  to  ice  and  by  Sir  James  Hall  to  a  flood  of  water 
oarrying  detritus  with  it,  Murchison,  who  visited  the  place 
in  1840  with  Buckland,  Graham,  Maclaren  and  others, 
was  satisfied  they  were  simply  the  result  of  the  changes 
which  the  mass  of  the  rock  underwent  when  it  passed  from 
its  former  molten  or  pasty  condition  into  a  solid  state. 
**  These  appearances  differ  essentially  from  ordinary  glacial 
scratches  or  scorings.  (Plaster  casts  of  them  exist  at  the 
Geological  Society.)  They  are  in  fact  broad  undulations  or 
furrows,  and  instead  of  trending  from  the  higher  ground  to 
the  Firth  of  Forth,  as  would  naturally  be  the  case  if  they 
were  due  to  the  expansion  and  descent  of  glaciers,  they  rise 
up  to  the  very  summit  of  the  low  ridge  in  a  direction  trans- 
verse to  its  bearing,  and  with  no  neighbouring  point  of  ground 
higher  than  that  on  which  they  occur.  On  clearing  away 
tihe  thin  turf  which  barely  covered  the  rock,  some  of  these 
undulations  appeared  wide  enough  to  contain  the  body  of  a 
man,  and  though  observing  a  wide  sort  of  parallelism  their 
forms  were  often  devious.  As  their  surface  was  smooth, 
not  much  unUke  the  usual  aspect  of  the  so-called  motUonnSe 
rocks,  the  glacialists  of  our  party  at  first  seemed  to  be  proving 
their  case,  when  suddenly  a  discovery  destroyed,  at  least  in 
my  opinion,  their  theory;    for  in  the  adjacent  quarries  of 
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the  same  hill,  at  a  much  lower  level,  and  upon  beds  just  un- 
covered by  the  workmen  from  beneath  much  solid  stone,  other 
sets  of  undulations  or  grooves  were  detected,  so  like  to  those 
on  the  summit  of  the  hill,  that  a  little  atmospheric  influence 
alone  was  required  to  complete  their  identity.  My  belief, 
therefore,  is  that  the  undulations  were  caused  by  the  action 
which  took  place  when  the  stone  was  solidified  *'  (Murchison^ 
QeoL  Proc,,  iii.,  pp.  675-676). 

Mackintosh,  a  keen-witted  and  experienced  geologist^ 
sharply  criticised  some  of  the  evidence  in  regard  to  fluted 
rocks  in  North  Wales.  He  first  takes  a  case  cited  by  Buck- 
land  below  the  bridge  Pont  Aber  Glasslyn,  near  Beddgelert, 
on  the  right  bank  of  the  river.  Although  most  of  the  striae 
on  the  polished  rocks  there  were  generally  parallel  to  the  river,, 
others  were  oblique  and  some  opposed  to  its  direction ;  the 
flutings  there  he  also  thought  were  more  regular,  more  ac- 
curately parallel  and  more  symmetrically  placed  than  could  be 
the  case  if  they  had  been  produced  by  the  passage  of  a  glacier. 
The  flutings  in  Snowdonia  are  uniformly  and  strictly  parallel,, 
and  do  not  vary  in  depth  or  section ;  they  are  at  equal  dis- 
tances apart,  and  are  very  similar  in  different  valleys,  and 
he  attributes  them  to  a  structural  origin,  as  he  also  does  more 
or  less  oblique  and  irregular  striae. 

In  the  valley  of  the  Llugvig,  between  Pont-y-Gyffing  and 
Capel  Curig,  described  by  Buckland,  some  of  the  flutings  on 
the  Bangor  side  of  the  great  dome  are  opposed  in  direction 
to  the  valley,  although  agreeing  in  every  respect  with  those 
which  are  in  its  direction,  and  he  holds  them  to  be  natural 
furrows.  On  some  low  rounded  rocks  about  200  yards  from 
the  dome-shaped  masses  on  the  western  side  there  are 
furrows  at  right  angles  to  one  another.  The  same  thing 
occurs  on  a  small  mass  of  schist  about  midway  on  the  north 
side  of  the  Lower  Llanberis  Lake,  and  yet  these  rocks  are 
regularly  furrowed  in  continuous  parallel  lines,  not  only  from 
top  to  bottom,  but  on  each  of  the  sides  accessible  to  view. 

Secondly,  the  parallel  marks  on  the  conglomerates  opposite 
Capel  Curig  are  broader,  deeper  and  wider  apart  than  on  the 
underljring  schists,  agreeing  apparently  with  their  wider  and 
larger  lines  of  bedding. 

Thirdly,  in  these  conglomerates  are  fragments  of  schist,. 
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some  of  them  half  a  foot  square,  marked  with  regular  parallel 
flutings  at  equal  distances,  exactly  in  the  same  manner  as  the 
rocks  in  Htu ;  the  matrix  is  free  from  such  marks,  and  they 
are  not  in  any  definite  direction,  but  depend  on  the  position 
of  the  fragment  in  the  conglomerate ;  the  buried  and  lower 
faces  of  the  fragments  in  the  conglomerates  are  fluted  like 
their  exposed  faces.  These  flutings  must  have  been  made 
before  the  conglomerate  was  formed.  At  one  place  on  the 
right  bank  of  the  Lower  Llanberis  Lake,  the  flutings  on  the 
coarse  blue  slate  cease  when  the  conglomerate  begins. 

Mackintosh  treats  the  strise  not  parallel  to  one  another  as 
structural,  since  they  occur  in  narrow  recesses  of  rock,  the 
edges  of  which  are  angular,  and  on  the  projecting  fragments  of 
beds,  the  rest  of  which  have  been  denuded.  These  strisB  are 
generally  narrow  and  shallow  lines,  seldom  more  than  a  quarter 
of  an  inch  in  breadth,  but  usually  less,  and  some  of  the  thinner 
ones  have  the  appearance  of  straight  scratches,  and  seem  to 
be  parts  of  weathered  cleavage  lines  appearing  interruptedly 
here  and  there.  Other  strisB  more  or  less  oblique  and  irregular,. 
and  occasionally  intersecting  the  former,  he  thinks,  have 
arisen  from  cracks.  These  last  are  rarely  curved,  thus  differ* 
ing  from  the  glacial  striae  described  by  Agassiz,  and  are  often 
bent  at  an  angle,  and  often  so  as  to  make  it  difficult  to  see 
how  a  descending  body  could  make  them.  Many  also  have 
flat  surfaces  different  to  those  made  by  angular  fragments ; 
they  much  resemble  cracks  occurring  on  schists  as  seen  in  the 
Penrhyn  quarries  and  on  the  Ogwyn  Lake. 

In  regard  to  the  flutings  they  are  always  parallel  to  the 
cleavage,  and  correspond  to  the  cuts  or  series  of  narrow  lines 
or  joints  called  by  the  quarrymen  "  water-splits,"  which  are 
also  parallel  to  the  cleavage  and  about  half  an  inch  apart. 
These  water-splits  are  sometimes  quite  open,  sometimes 
partially  filled  up,  and  in  others  the  process  is  further  ad- 
vanced and  the  furrowed  appearance  is  distinct.  In  width 
they  also  greatly  resemble  the  flutings,  and  he  concludes  that 
the  "water-splits "  or  "  open  cleavage  joints  "  have  been  the 
origin  of  the  parallel  flutings  and  open  cracks  of  most  of  the 
stzisB.  The  weathered  coatings  of  schists  have  often  striae  on 
them,  which  though  requiring  a  magnifying  glass  to  see  them 

show  clearly  as  minute  delicate  lines  of  an  inch  or  two  in 
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length,  very  nnmerous,  more  or  less  straight  and  often  inter- 
secting one  another.  They  are  resemblances  in  miniature  of 
apparent  scratches  on  the  rocks.  He  attributes  to  structural 
causes  the  markings  which  in  America  have  been  attributed 
by  Hitchcock  to  glacial  causes. 

It  is  no  uncommon  thing  in  Iceland,  says  Watts,  for 
huge  masses  of  glaciers  to  slide  down  the  mountain  sides 
during  periods  of  eruption,  scratching  the  harder  and  furrow- 
ing the  softer  rocks  in  their  progress,  and  leaving  heaps  of 
debris  in  no  way  distinguishable  from  terminal  moraines. 
These  facts  are  rather  startling  (Watts,  Across  the  Vatna  JoktUl, 
p.  191). 

I  will  lastly  quote  some  criticisms  of  a  very  ardent 
glacialist,  viz,,  C.  Lewis. 

Speaking  of  the  marks  on  the  granite  north  of  Mount 
Sorrel,  Lewis  says :  "  They  closely  resemble  glacial  striae,  and 
were  held  to  be  such  by  Mr.  Harrison  and  others.  A  careful 
examination  has  convinced  me  that  this  is  not  an  example 
of  true  glacial  strisB,  but  is  a  very  local  smoothing  due  to 
moving  gravel,  or  possibly  an  iceberg,  and  Prof.  Bonney  and 
Prof.  Hill  have  come  to  the  same  conclusion.  The  whole 
exposure  is  only  two  or  three  yards  long,  and  the  rest  of  the 
region  shows  no  signs  of  glaciation.  Another  locality  for 
strisB  of  a  similar  kind  is  reported  from  near  Nottingham 
(see  Qtiart.  Joum,  GeoL  Soc.,  1886,  p.  460).  There,  under  a 
heavy  bank  of  boulder  clay,  striae  were  seen  on  limestona 
The  locality  is  now  inaccessible,  and  is  probably  an  instance 
of  iceberg  striae.  Mr.  Hart  writes  to  me  of  another  instance 
on  the  soft  oolite  south  of  Lincoln.  Some  of  them  may  be 
due  to  the  post-glacial  and  gradual  slipping  down  hill  of  a 
mass  of  boulder  clay,  coming  under  the  designation  of  what 
I  have  called  '  creep  striae  '  in  Pennsylvania  '*  (Lewis,  Olacial 
Geology,  etc.,  p.  61).  On  creep  striae  see  Report  Z.,  pp.  35, 
96. 

Lewis  again  speaks  of  re-examining  the  supposed  glacial 
markings  preserved  in  Queen's  College,  Cork.  They  are  on 
limestone  from  Farranmacteige,  Jennings  Quarry.  ''  The 
limestone  was  smoothed  off  and  marked,  not  by  long  parallel 
striae  like  glacial  striae,  but  by  more  irregular  markings.  .  .  . 
It  seemed  as  if  the  limestone  were  smoothed  simply  by  the 
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water  and  pebbles  which  were  washed  over  it.  The  striae 
also  were  made  by  the  moving  pebbles,  the  limestone  being 
quite  soft  and  easily  scratched.  It  is  very  interesting/'  he 
adds,  ''  to  see  how  closely  true  glacial  striation  can  thus  be 
imitated.  Prof.  Sullivan  of  Queen's  College  informed  me 
that  these  markings  were  only  seen  in  one  or  two  places, 
very  locally.  The  elevation  of  both  these  localities  was  less 
than  seventy-three  feet  above  the  sea.  A  drive  over  the 
adjacent  hills  of  red  sandstone  and  about  Cork  showed  no 
traces  of  glaciated  surfaces  or  of  till"  {OUicial  Oeologyy 
p.  107). 

The  supposed  glacial  striations  which  Dr.  Crosskey  has 
described  on  the  trap  of  Bowley  Begis  are,  says  Carvell 
Lewis  (so  far  as  I  could  see),  due  either  to  plant  roots  or  to 
ploughshares,  being  totally  unlike  true  glacial  strisB,  but 
identical  with  similar  superficial  markings  I  have  seen  upon 
trap  rocks  in  the  non-glaciated  part  of  America  (Lewis, 
Glacial  Geology,  p.  64).  ^ 

In  regard  to  this  basalt  at  Bowley  Begis,  near  Wolver- 
hampton, the  same  writer  again  says  he  examined  the  sup- 
posed glacial  strise.  ''These  marks  or  furrows,"  he  says, 
"  are  only  on  decomposed  rock,  and  on  rock  fragments  near 
the  surface.  They  are  often  curved,  and  usually  start  from 
an  edge,  being  on  angular  faces  like  ogham  stones.  Furrows 
cross  one  another.  They  are  probably  due  to  tree  roots,  or 
perhaps  to  the  action  of  humic  acid  on  the  rock.  No  trace 
of  drift  or  glaciation  is  seen.  A  local  creep  down  hill  brings 
angular  fragments  of  the  basalt  down  on  the  top  of  'the 
Botch  '  ({.a.,  the  decomposed  basalt).  At  the  Bowley  Begis 
station  is  an  interesting  grey  sandstone,  made  out  of  the 
basalt  by  decomposition,  undecomposed  pieces  of  basalt  re- 
maining in  it.  Had  glaciers  or  floods  been  over  here  it  would 
have  been  removed  by  them.  A  proof  that  the  furrows  in 
the  basalt  were  made  by  glaciers  is  said  to  be  the  fact  (?) 
that  they  were  made  before  the  rock  was  decomposed. 
Since  the  decomposition  layer  was  equally  thick  under  the 
scratches  as  elsewhere,  I  find  just  the  opposite  to  be  the 
case,  and  that  the  furrows  were  made  mainly  in  the  crust, 
which  was  thinner  under  the  scratches  '*  {Glacial  Geology,  p. 
301). 
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About  similar  markings  on  trap  in  America  see  Lewis,  Froo, 
Amer.  PhU.  Soc.,  on  the  great  trap  dyke  across  Pennsylvania ; 
Pengelly,  Trans.  Dev.  Ass,,  vii.,  ix.,  xii.,  who  describes  cross 
markings  on  trap  at  Conglebourne,  near  Totnes ;  and  Somer- 
vail,  Trans.  Edin,  Oeol.  Soc.,  v.,  pt.  1,  p.  87,  who  thinks  the 
above  are  due  to  a  plough. 

Lewis  thinks  the  smoothing  of  the  granite  in  Ghamwood 
Forest  was  due  to  the  passage  over  it  of  water  filled  mth  gravel. 
The  traces  of  strisB,  he  says,  could  thus  easily  be  made.  I 
suspect  that  the  striae  on  the  hmestone  at  the  Stanton  Tunnel 
{Quart.  Joum.  Oeol.  Soc.,  1886,  p.  461)  are  due  to  the  same 
cause. 

Lewis  quotes  again  from  Bamsay  (Quart.  Joum,  Oeol.  Soc., 
1862,  p.  1862),  who  says  that  floating  ice  can  stnate.and  polish 
rocky  banks.  Thus  he  says:  "Marks  of  glsbciation  lie  low 
down  on  the  sides  of  the  Moselle,  where  the  floating  ice  has. 
frequently  rounded,  polished  and  striated  the  rocky  banks  in 
the  direction  of  the  flow  ".  But,  as  he  adds,  **  there  are  no 
signs  of  glacial  drift  in  the  valley  of  the  Moselle,  or  in  the 
Eifel,  or  about  Bonn".  Sir  Wm.  Logan  says  ''that  ice  in 
Canada  charged  with  boulders  has  been  known  to  produce 
grooves  on  the  face  of  cliffs  as  well  marked  as  those  of  glacial 
times  (Quart.  Joum.  Oeol.  Soc.,  1872,  p.  395 ;  see  also  Forsch- 
hammer  in  Lyell's  Principles,  pp.  231-232;  Bermot,  Z.  D.  O.  G., 
1879,  xxxi.,  p.  145 ;  and  Lewis,  Olaciai  Oeology,  p.  321). 

These  instances  are  useful  because  they  are  concessions 
from  the  prophets  of  ultra-glacialism.  They  show  how 
very  unsafe  is  t^e  deduction  generally  made  by  the  glacial- 
ists,  who,  whenever  they  see  a  scratch  on  a  stone,  fancy 
they  are  justified  in  summoning  an  ice  age  to  explain  it. 
What  they  unmistakably  prove  is  that  other  causes  than 
moving  ice  or  ice-sheets  can  cause  groovings  and  striationa 
on  rock  faces  as  on  boulders.  The  fact  is,  such  scratches 
can  be  made  and  are  made  whenever  a  sharp-edged  hard 
material  is  pressed  against  another  while  in  motion,  and  the 
ice  in  a  glacier  is  only  one  out  of  many  methods  in  which 
stones  may  be  pressed  against  other  stones  when  in  motion. 
To  attribute  such  striae  wherever  foimd,  therefore,  to  ice 
action  seems  to  be  quite  inconsequent.  In  those  parts  of 
high  mountain  valleys  which   are    known    to  have    been 
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recently  occupied  by  glaciers  in  motion,  we  are  justified  in 
extending  the  induction  to  parts  of  the  valleys  from  which 
the  shrinking  glaciers  have  departed,  but  to  go  entirely 
beyond  this  kind  of  evidence  and  to  explain  in  this  fashion 
the  local  striae  on  rock  surfaces  occurring  far  away  from 
mountain  valleys  such  as  those  in  the  forest  of  Fontainebleau, 
or  on  the  rocks  underlying  the  drift  in  North  Germany  and 
round  about  Charnwood  Forest,  scores  of  miles,  in  some 
cases,  away  from  great  mountains,  is  to  leave  induction  far 
behind,  and  to  forget  that  whatever  force  dragged  this  drift 
over  the  surface,  as  it  must  have  been  dragged,  under  any 
h]rpothesis,  must  have  scratched  and  worried  the  rock  surfaces 
over  which  it  travelled.  To  attribute  such  scratchings  to  ice 
is  to  impose  a  stupendous  burden  upon  our  credulity,  and 
to  invoke  a  steam-hammer  to  crack  a  nut. 

A  still  more  transcendental  appeal  is  that  which  tries  to 
explain  the  striae,  and  may,  I  add,  also  the  smoothed  surfaces 
on  high  mountain  tops  by  the  operation  of  ice.  Let  me 
quote  an  example.  Dr.  James  Geikie  says:  ''Scratched 
and  polished  rock  surfaces  are  by  no  means  confined  to  till- 
covered  districts.  They  are  met  with  everywhere  and  at  all 
levels  throughout  the  country,  from  the  sea  coast  up  to  near 
the  tops  of  some  of  our  higher  mountains.  The  lower  hill 
ranges,  such  as  the  Sidlaws,  the  Ochils,  the  Pentlands,  the 
Kilbarchan  and  Paisley  Hills,  the  Cheviots  and  others  exhibit 
polished  and  smoothed  rock  faces  on  their  very  crests.  Similar 
markings  streak  and  score  the  rocks  up  to  a  great  height  in 
the  deep  valleys  of  the  Highlands  and  Southern  Uplands, 
and  throughout  the  Inner  and  Outer  Hebrides  and  Orkney 
and  Shetland  the  same  phenomena  constantly  recur.  The 
direction  of  the  parallel  ruts  and  striations  coincides,  as  a 
rule,  with  the  line  of  the  principal  valleys.  In  the  Northern 
Highlands,  for  example,  they  keep  parallel  to  the  trend  of 
the  great  glens,  and  in  the  Southern  Uplands,  likewise,  they 
follow  all  the  windings  of  the  chief  dales  and  '  hopes ' " 
(Great  Ice  Age,  pp.  66,  67). 

It  will  be  seen  that  Dr.  Geikie  is  here  talking  of  the 
scratching  and  polishing  of  the  very  crests  of  the  hills  and 
the  cols  in  districts  where,  as  he  describes,  the  striae  follow 
the  valleys  and   radiate  from   their  culminating   heights. 
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That  is  to  say,  he  is  speaking  not  of  ice-sheets  moving  quite 
irrespectively  of  the  drainage  of  the  country,  but  of  true 
glaciers  following  the  divergent  valleys  that  radiate  from 
great  mountain  centres.  If  we  examine  modern  and  living 
examples  of  such  glaciers,  we  shall  find  that  the  poUshing 
and  scoring  of  the  flanks  and  the  floors  of  the  valleys  in 
which  they  move  is  not  shared  by  the  upper  parts  and  the 
crests  of  the  mountains ;  and  this  for  two  reasons,  one  being 
that  the  soft  snow  and  nivi  which  form  the  glaciers  when 
nurslings  are  not  capable  of  such  djmamical  work;  and 
secondly,  that  for  the  most  part  the  crests  of  the  high  moun- 
tains have  got  no  deep  masses  of  frozen  material  upon  them  ; 
these  latter  really  accumulating  in  the  reservoirs  formed  by 
the  valleys  on  their  flanks. 

Let  us  now  turn  to  the  conditions  of  the  postulated  glacial 
period.  In  that  period  of  supposed  extreme  cold  the  snow- 
line would  be  lowered  enormously.  This  is  conceded  by  all 
the  champions  of  the  glacial  age  known  to  me.  This  lower* 
ing  of  the  snow-line  means  that  the  amount  of  rainfall  as 
distinguished  from  snowfall  would  be  enormously  decreased, 
and  conditions  very  like,  in  some  respects,  to  those  of  the 
Tibetan  flanks  of  the  Himalayas  and  the  higher  Andes  would 
prevail,  namely,  that  instead  of  large  developments  of  ice  the 
snow  which  fell  would  remain  dry  snow.  It  is  overlooked 
by  the  glacial  champions  that  snow  cannot  be  converted  into 
blue  ice  without  considerable  moisture  and  rain  as  well  as 
pressure.  These  are  concurrent  conditions  of  such  conversion. 
Hence  why  it  has  always  seemed  to  me  very  difficult  to 
explain  how  there  could  be  the  great  mass  of  ice  which  is 
generally  demanded  from  an  ice  age.  Such  an  age  would  be 
more  accurately  described  as  a  snow  age.  This  is  a  general 
argument,  however.  Let  us  rather  consider  the  particular 
case  before  us.  Whether  there  was  ice  on  the  plains  in  the 
glacial  age  or  not,  it  seems  to  me  perfectly  inevitable  that  with 
an  inmiensely  lowered  snow-line  there  could  be  no  ice  on  the 
high  mountains  and  certainly  not  on  their  crests  and  summits. 
Their  crests  and  summits  would  only  be  carpeted  or  blanketed 
by  soft  snow,  which  is  a  matrix  quite  incapable  of  holding  a 
graving  tool  in  its  grasp. 

How  could  stones  be  held  by  snow  so  tightly  that  they 
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would  be  pressed  against  the  walls  and  faces  and  floors  of 
the  rock  and  leave  their  spoor  in  striae  snch  as  we  have  been 
describing?    The  thing  seems  absurd. 

Not  only  so»  but  how  could  the  necessary  stones  be  obtained 
for  doing  the  work.  As  the  very  crests  of  the  mountains  are 
grooved  and  striated,  it  follows  that  they  must  have  been 
buried  under  snow ;  and  if  it  was  snow  and  ice  that  impelled 
the  graving  tools  there  must  have  been  perpetual  snow  in  such 
positions  in  glacial  times ;  that  is  to  say,  the  summits  would 
always  be  covered.  There  would  be  no  rocks  overhead, 
therefore,  from  which  fragments  of  stone  could  be  detached 
to  act  as  graving  tools,  while  the  uniform  conditions  of  tem- 
perature caused  by  the  snow  blanket  would  prevent  the 
splitting  and  breaking  of  submerged  rocks  from  differences 
of  temperature.  Even  Prof.  Chamberlin,  who  believes  that 
glaciers  can  pluck  stones  out  of  their  own  beds,  would  hardly 
attribute  this  capacity  to  soft  snow.  From  whichever  side 
this  question  is  faced  critically,  therefore,  it  melts  away  into 
absurdity. 

Let  us  now  turn  to  another  similar  problem.  We  have 
been  considering  the  case  of  the  magnified  and  glorified 
ancient  glaciers  to  which  some  glacialists  turn  for  help.  Let 
us  now  turn  to  the  postulated  ice-sheets  which  we  are  so 
often  told  were  quite  different  in  every  way  to  glaciers. 

One  of  the  peculiarities  of  the  strise  which  have  been 
attributed  to  the  action  of  ice  in  the  ice  age  is  that  they  are 
not  in  many  cases  divergent  and  radiating,  but  run  for  miles 
on  more  or  less  straight  lines.  In  America  they  are  said  to 
run  for  as  many  as  twenty  miles  right  across  the  country 
irrespective  of  its  contour,  and  over  hill  and  dale  keeping  to 
parallel  hues.  Thus,  to  quote  some  examples.  Dr.  Geikie, 
speaking  of  the  striae  in  the  Lowlands  of  Scotland,  says : 
"  Their  direction  does  not  appear  to  be  influenced  so  much 
by  the  configuration  of  the  ground,  for  they  often  cross  low 
valleys  at  right  angles,  or  nearly  so,  and  sweep  up  and  over 
intervening  hills,  even  when  these  happen  to  have  an  eleva- 
tion of  more  than  1,800  feet  above  the  sea  "  {Great  Ice  Age^ 
p.  67).  Similarly  De  Bance  told  C.  Lewis  that  on  the  north 
side  of  the  Lake  District  striae  certainly  cover  the  highest 
mountains  3,600  feet  and  run  across  them  (Lewis,  op.  oiU, 
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p.  371).  Sir  Wm.  Dawson  (Sjoma/SMm  Ice  Age,  p.  42)  says  that 
in  New  England  striation  is  said  to  have  been  observed  on 
hills  4,800  feet  high,  as  for  example  on  Mansfield  Mountain, 
where,  according  to  Hitchcock,  there  are  strise  bearing  south 
30^  east  at  an  elevation  of  4,848  feet.  These  quotations 
might  be  greatly  multiplied.  The  question  for  us  is  how  is 
it  possible  to  attribute  these  striae  to  the  action  of  ice. 

In  the  first  place,  we  are  told  by  its  champions  that  the  ice 
to  which  the  phenomenon  is  attributed  did  not  work  in  the 
form  of  glaciers,  but  in  that  of  an  ice-sheet,  and  it  could 
therefore  move  over  the  country  irrespective  altogether  of 
the  contour  of  the  surface.  Now  it  must  be  remembered 
that  precisely  the  same  infimiity  in  regard  to  the  manufacture 
of  blue  ice  from  snow  in  so-called  glacial  times  attaches  to  an 
ice-sheet  that  would  attach  to  the  deposits  on  high  mountains 
to  which  I  have  already  referred.  With  the  snow-line  greatly 
lowered  (possibly  lowered,  it  has  been  suggested,  in  our  lati- 
tudes to  the  sea-level),  it  is  exceedingly  difficult  to  know  how 
snow  could  be  converted  into  ice  at  all,  and  until  so  converted 
it  would  seem  that  there  would  be  neither  viscous  flow  in  it 
at  all,  nor  yet  a  capacity  for  holding  graving  tools.  This 
seems  to  me  to  be  a  stupendous  difficulty,  but  let  it  pass. 

Suppose  we  get  our  ice,  our  initial  difficulty  is  not  ended. 
So  far  as  we  can  judge  from  laboratory  experiments,  the 
amount  of  viscosity  in  ice  depends  very  largely  upon  its  tem- 
perature, and  it  is  most  viscous  when  nearest  the  melting- 
point.  It  seems  a  necessary  consequence  of  the  hypothesis 
of  an  ice  age  that  the  general  temperature  must  have  then 
been  very  low,  and  consequently  that  the  viscosity  of  the  ice 
must  have  been  very  slight.  This  must  have  prevented  even 
the  slight  and  scarcely  appreciable  movement  which  is  noi^ 
found  in  the  nether  layers  of  a  glacier  (which  alone  hold  the 
necessary  tools  for  making  the  strisB),  and  the  movement  of 
these  nether  layers  must  have  been  reduced  to  nil. 

If  so,  how  is  it  possible  to  understand  how  the  stones,  which, 
are  supposed  to  have  acted  as  gravers,  could  be  not  only 
pressed  against  the  bed  of  the  ice-sheet,  but  also  score  and 
cut  out  fissures  and  striae.  This  not  merely  on  level  ground, 
but  when  the  ice  is  supposed  to  have  travelled  against  tiie 
resistance  of  the  rock  and  against  the  stupendous  pressure 
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of  the  icemass  itself,  and  this  not  for  a  few  inches  or  feet  or  yards 
bnt  for  many  miles,  not  in  devious  lines  but  in  straight  ones. 

The  position  seems  to  me  absolutely  fantastic  when  thus 
analysed.  This  is  not  all,  however.  It  is  quite  plain  that  if 
we  are  to  explain  the  phenomena  of  the  drift  by  means  of 
ice  sheets,  we  cannot  postulate  that  they  always  or  even 
generally  culminated  on  the  highest  ground,  but  the  reverse. 
The  culmination  must  in  certain  notable  cases  have  been  on 
the  lower  ground.  Take,  for  instance,  the  case  of  Scandinavia. 
There  the  strisB,  the  long  strisB,  march  right  athwart  the  Dovre- 
felds.  This  is  also  the  route  of  the  erratic  stones  which  occur 
in  the  western  parts  of  maritime  Norway.  These  travelled 
stones  and  strisB,  it  is  reasonable  to  suppose,  are  closely  con- 
nected. The  former  have  been  traced  almost  entirely  to  the 
low  country  of  Dalecarlia  and  Central  Sweden ;  to  the  east  of 
the  mountains  in  fact,  whence  they  have  travelled  right  over 
the  chain  westwards.  It  was  not  only  westwards  that  they 
moved  from  Central  Sweden,  however,  but  also  in  a  much 
greater  number  southwards.  This  journey  of  the  ice  south- 
wards one  can  perhaps  make  a  mental  picture  of,  even  when 
our  mind  and  judgment  completely  revolts  against  thepossibility 
of  their  journeying  right  across  the  Baltic  and  for  600  miles 
over  the  flat  plains  of  Poland.  Such  a  journey  would  only, 
however,  involve  travelUng  over  a  flat  or  slightly  undulating 
country,  where  the  stones  would  not  be  travelling  across  the 
gradients  of  the  land  to  such  an  extraordinary  extent.  But 
what  are  we  to  say  about  the  movement  of  the  ice  westward, 
which  is  supposed  to  have  caused  the  striee  on  the  Dovrefelds  ? 

How  are  we  to  understand  any  substance  endowed  with 
either  liquid  or  viscous  flow  deliberately  turning  aside  from 
the  path  of  least  resistance  and  least  friction,  which  was  open 
to  it,  and  setting  off  on  a  climbing  expedition  over  great 
mountain  chains,  and  facing  every  difficulty  of  gravity,  and 
scoring  and  striating  the  rocks  on  its  way  ?  This  extraordinary 
mechanical  property  of  ice  may  be  put  beside  the  similar 
property  of  water,  to  which  I  have  referred  in  earher  pages, 
which  is  supposed  to  have  given  it  a  taste  and  capacity  for 
cutting  itself  channels  at  right  angles  to  its  flow,  through 
crystalline  ridges  of  mountains,  when  it  had  perfectly  free 
and  open  channels  to  flow  away  by.    The  notion  can  only 
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be  described  as  preposterous.  It  must  be  remembered  also 
that  the  ice  in  question  had  so  little  vis  a  tergo  in  it  that,  aa 
Pettersen  has  shown,  it  could  not  carry  its  burden  of  stones 
as  far  as  the  Une  of  small  islands  along  the  Norwegian  coast. 
This  instance  from  Norway  might  be  matched  in  many  other 
places.  The  notion  of  the  ultra-glacialists  seems  to  be  that 
ice  when  flowing  deliberately  prefers  to  travel  up  hill  rather 
than  down  hill. 

This  is  not  all,  however.  Since  the  stones  that  are  sup- 
posed to  have  made  the  scratches  came  from  the  central  parts 
of  Sweden  and  travelled  thence  sporadically,  we  have  ta 
postulate  that  the  great  ice-mound  or  ice-sheet  to  which  their 
movement  is  attributed  culminated  there.  Why  should  it 
culminate  there  ?  Why  should  an  area,  now  remarkable  for 
its  dryness,  have  developed  a  special  aptitude  for  accumula* 
ting  frozen  moisture  unless  we  entirely  alter  the  physical 
contour  of  the  country,  which  the  glacialists  do  not  profess- 
to  wish  to  do  ?  I  have  never  seen  any  suggested  answer  to 
this  query^ 

Again,  inasmuch  as  the  ice-mound  which  carried  the  stones 
is  supposed  to  have  taken  them  right  over  the  Dovrefelds  and 
used  them  to  make  the  striae  which  cross  that  chain  more  or 
less  at  right  angles  to  the  lines  of  least  resistance,  the  position 
necessitates  that  it  must  have  been  much  higher  than  the 
Dovrefelds  themselves.  This  is  the  only  way  in  which  the 
mechanical  problem  of  travelling  over  them  by  the  viscoua 
flow  of  the  ice  is  explainable ;  but  if  this  was  so,  how  is  it 
that  the  Dovrefelds  in  their  very  highest  parts  are  free  fron^ 
ice  action  and  show  no  signs  of  smoothing  and  plaining^ 
down,  but  are  ragged  and  weathered?  The  position  seems- 
inconsequent. 

If,  again,  the  mound  of  ice  was  of  the  portentous  dimen- 
sions required  by  the  hjrpothesis,  it  must  have  completely 
covered  up  the  whole  of  the  low  ground  from  which  the- 
stones  were  derived  under  thousands  of  feet  thick  of  ice  and 
snow ;  and  if  so,  there  would  be  no  stones  available  for  graving 
tools,  for  these,  so  far  as  we  know,  come  from  the  so-called 
mmatahher  and  other  crests  projecting  above  the  ice  as  in. 
Greenland,  where,  when  we  have  no  mmatakker,  we  have  no 
stones  carried  by  the  ice-sheet. 
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We  shall  be  told,  perhaps,  that  we  can  fall  back  in  such  a 
case  upon  the  notion  already  criticised  in  previous  pages,  and 
patronised  by  ChamberUn  and  others,  which  seems  to  me  to 
be  entirely  contrary  to  every  physical  probability,  namely,  that 
an  ice-sheet  can  by  its  mere  pressure  crush  its  crystalline  rocky 
bed  into  fragments,  and  can  then  proceed  to  pluck  these  frag- 
ments up  by  the  roots,  like  a  dentist  drawing  teeth,  although 
sitting  on  them  meanwhile  with  its  portentous  weight. 

Both  processes  are  equally  incomprehensible  to  me.  Surely^ 
long  before  the  pressure  was  sufficient  to  break  up  a  floor  of 
crystalline  rock  the  column  of  ice,  which  is  so  much  softer, 
would  itself  be  crushed  and  reduced  to  mere  slush.  When 
we  plant  a  heavy  cathedral  on  a  rocky  foundation,  and  there 
happens  to  be  a  slight  differential  strain  on  parts  of  the 
building,  it  is  not  the  beds  of  rock  below  the  foundations, 
which  are  broken  up,  but  the  weaker  pillars  and  piers  and 
walls  of  the  cathedral  which  give  way ;  a  fortiori  would  this 
be  the  case  with  a  substance  like  ice.  Chamberlin's  notion 
involves,  it  seems  to  me,  trying  to  break  a  great  mug  of 
stoneware  by  thrusting  one*s  hand  into  the  dough  which  it 
may  contain.  Still  more  incredible  is  it  that,  vnth  a  pressure 
sufficient  to  crush  its  bed  pressing  down  on  every  square 
inch  of  that  bed,  pieces  of  stone  should  be  plucked  up  out  of 
it  by  the  ice.  I  don't  know  how  such  a  process  could  either 
start  or  continue.  Messrs.  Maskelyne  and  Cook  profess  to 
put  a  fat  alderman  in  a  chair,  and  then  make  him  raise  hi& 
own  chair  with  his  own  body  in  it  into  mid-air.  This  is 
nothing  as  a  conjuring  trick  to  a  mass  of  ice  plucking  out 
fragments  of  the  floor  on  which  it  is  meanwhile  pressing  with 
a  pressure  of  several  hundred  tons  to  the  square  yard. 

This  is  an  a  priori  argument,  but  it  can  be  supported  in 
another  way.  If  the  process  of  disintegrating  its  bed  and 
plucking  out  the  fragments  is  a  possible  one,  there  is  surely 
no  place  anywhere  where  it  ought  to  be  more  continuously 
and  effectively  done  than  in  Greenland,  where  the  mass  of  ice 
is  greater  than  it  is  anywhere  else  in  the  world,  and  where  it& 
motion  and  therefore  its  dynamical  energy  are  the  greatest 
also ;  but,  as  I  have  just  now  said,  in  Greenland  there  are  no 
moraines  where  there  are  no  nunatakker.  This  seems  to  be 
conclusive. 
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Again,  it  has  been  observed  in  many  places  that  the  striae 
•often  show  cross  hatching  on  the  same  rock  surfaces.  I  will 
quote  a  few  examples.  J.  Geikie  speaks  of  rocks  that  exhibit 
a  "  cross  hatching  *'  of  striae  and  where  the  striations  on  two 
contiguous  rocks  do  not  agree  in  direction,  while  the  till  shows 
an  intermingling  of  stones  derived  from  separate  districts 
{Great  Ice  Age,  p.  77).  Again,  he  says,  "  between  Kishom  and 
Applecross  excellent  examples  of  cross  hatching  are  visible, 
the  older  set  pointing  west  30""  north,  and  the  latter  south 
28''  west.  In  the  mountain  district  of  South  Ayrshire,  which 
was  mapped  for  the  Geological  Survey  by  Messrs.  Peach  and 
Home  and  myself,  similar  phenomena  are  conspicuous  "  {ibid,, 
p.  262).  **  Examples  of  such  cross  hatching  of  striae  occur,  as 
my  friend  Mr.  Jack  has  proved,  very  abundantly  in  the  basin 
of  the  Clyde.'*  **Near  Grange  and  at  Keith  Mr.  Home  de- 
tected excellent  examples  of  cross  hatchings,  one  set  of  striae 
pointing  south  of  east,  and  the  other  north  of  east "  (ibid.,  pp. 
828-829).  Again,  *'  at  Eudersdorf  (Berlin)  there  are  two  sets  of 
striae,  one  set  trending  towards  south  south-east,  the  other 
and  later  series  being  directed  towards  the  west "  {ibid,,  p.  426). 
In  Finland,  Bosberg  tells  us  that  ''  two  distinct  systems  of 
glacial  striae  are  apparent  .  .  .  the  later  st{iae  crossing  the 
earUer  ones  at  various  angles.  When  striae  belonging  to  both 
systems  appear  on  one  and  the  same  rock  surface,  the  younger 
are  always  the  fresher  of  the  two,  the  older  ones  being  worn 
and  abraded.  Reference  may  be  made  here  to  the  similar 
occurrence  of  two  sets  of  striae  in  the  island  of  Gothland,  the 
older  trending  from  north-east  to  south-west,  the  younger 
from  north  to  south  or  a  little  north  of  north  to  east  of  south. 
.  .  .  Similar  observations  have  been  made  on  the  coast  lands 
of  Norrbotten,  between  Pi  tea  and  Lulea,  where  two  systems 
of  striae  are  seen,  one  of  which  trends  from  north-west  to 
south-east,  and  the  other  from  north  north-west  to  south 
south-east  "  {ibid.,  p.  474).  "  On  the  exposures  of  the  chalk  of 
Faxo  in  Seeland  three  systems  of  rock  striae  have  been  de- 
scribed by  Forschhammer."  "  The  distribution  of  the  erratics 
<of  Faxo  chalk,'*  says  Geikie,  ''is  quite  in  keeping  with  the 
evidence  of  the  striae.  .  .  .  Again,  two  systems  of  stris  are 
met  with  in  Asko  and  Svansberg  (Laaland),  one  &om  south- 
east to  north,  and  a  second  from  east  north-east  to  weai 
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BOQth-west;   while  at  LelUnge  the  direction  is  from  east 
north-east  to  west  south-west  '*  {ibid,,  p.  478,  note). 

"  It  is  noteworthy/'  says  J.  Geikie, ''  that  in  North  America 
there  are  sometimes  two  or  more  sets  of  striae  and  groovings. 
In  the  district  of  Lake  Superior,  for  example,  there  are  traces 
of  two  distinct  glaciations,  the  main  or  continental  glacier 
having  flowed  from  north-east  to  south-west,  while  the  local 
and  latest  ice-flow  was  from  north  to  south.  ...  In  Western 
New  York  there  is  in  addition  to  the  south-west  system  a 
subordinate  south  system  (Hall),  and  on  Isle  la  Motte  in 
Lake  Champlain  there  are  eight  sets  (Adams),  although 
usually  not  over  two  or  three  in  Vermont.  .  .  .  Near  Lake 
Winnipeg  and  the  Lake  of  the  Woods  there  appear  to  be  at 
least  two  sets  of  striae,  according  to  Mr.  J.  W.  Dawson  " 
{Great  Ice  Age,  2nd  ed.,  p.  456,  note). 

Sir  Wm.  Dawson  writes  at  some  length  on  this  question, 
giving  examples  from  Canada,  and  says  generally  that  ''  it  is 
not  infrequent  to  have  two  sets  of  striae  nearly  at  right  angles^ 
to  each  other  in  the  same  locality,"  and  adds  that,  in  a  fine  ex- 
posure recently  made  at  the  Mile-End  Quarries,  near  Montreal, 
the  pohshed  and  grooved  surface  of  the  limestone  shows  four 
sets  of  striae  (The  Canadian  Ice  Age^  pp.  42,  45). 

There  are  striae  on  the  silurian  limestones  near  Point  au 
Pique  which  run  about  north  45"  west,  but  these  are  crossed 
by  another  set  having  a  course  south  30""  west.  At  Lake- 
Nipigon,  near  Lake  Superior,  Mr.  R.  Ball  found  a  set  of 
south-west  striae  crossed  by  a  south-east  set. 

B.  Ball,  speaking  of  the  glacial  phenomenon  of  Canada,, 
says:  **  When  the  direction  of  the  striae  in  all  parts  of  the 
country  are  laid  down  upon  a  map,  some  degree  of  parallelism 
is  shown  within  the  various  groups,  yet  the  general  bearings 
of  these  are  so  different  that  it  is  difficult  to  see  how  they 
could  aU  have  been  produced  contemporaneously  or  by  a 
confluent  ice-sheet ;  and  yet,  excepting  far  to  the  north,  they 
all  seem  to  be  equally  old  and  to  have  the  same  relations  to 
the  till.  If  any  great  interval  of  time  had  elapsed  between 
the  production  of  these  various  sets  of  grooves,  we  should  see 
greater  differences  among  them  than  we  do."  Ball  compares 
this  with  the  fact  of  the  distribution  of  the  blocks  of  white 
quartzite  matrix  with  red  jasper  pebbles  found  at  the  east  end 
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of  Lake  Superior,  and  he  remarks  on  its  wide  lateral  disper- 
sion from  a  conmion  centre  and  partly  across  the  direction  of 
the  existing  stris  {Bull,  Oeol.  Soc.  Amer,,  i.,  pp.  301-302). 

This  cross  hatching  seems  to  me  to  be  a  very  awkward  fact 
for  the  ultra-glacialists.  Mr.  Geikie  tries  to  explain  it  in 
two  ways.  On  page  77  of  his  work  above  cited  he  attributes 
it  in  certain  places  to  varying  directions  in  the  currents  of 
ice,  and  in  others  to  two  different  periods  or  stages  of  glacia- 
tion.  It  seems  to  me  very  difficult  to  understand  this.  I 
do  not  myself  profess  to  understand  how,  with  the  same 
^contour  of  country,  the  same  lines  of  drainage,  and  the  same 
lines  of  least  resistance,  a  very  viscous  substance  like  ice, 
which  moves  by  gravity  alone,  can  at  one  time  move  in  one 
direction  and  at  another  in  an  entirely  different  direction  in 
the  same  district.  This  appeal  seems  to  me  to  be  to 
transcendental  physics  and  not  to  the  laws  of  matter  as  we 
know  it.  Apart  from  this  I  cannot  see  how  the  striae  can 
have  been  made  at  two  different  glacial  periods,  as  is  alleged. 

Unless  the  whole  theory  of  glacial  erosion  has  been  out- 
rageously exaggerated  in  its  effects,  it  seems  to  me  quite 
impossible  to  doubt  that  the  whole  effect  of  the  first 
glaciation,  in  so  far  as  it  was  represented  by  these  fine  Unes 
*nd  striae,  must  have  been  weathered  away  and  worn  off 
before  the  second  glaciation  had  completed  its  work  and 
left  its  touch  upon  the  rocks  in  the  shape  of  another  set 
of  fine  lines  and  striae. 

To  my  Philistine  judgment  the  occurrence  of  these  cross 
hatchings  where  they  are  found  is  evidence  that  whatever 
made  them  must  have  done  it  at  one  time,  and  that  in  doing 
it,  it  was  sufficiently  mobile  in  its  touch  to  enable  one  set  of 
gravers  to  work  in  one  direction  and  another  in  another,  and 
that  no  kind  of  ice  under  any  conditions  known  to  me  could 
have  this  mobility. 

Again,  it  was  the  opinion  of  two  very  keen  observers  of  so- 
-called glacial  phenomena,  Mr.  Campbell  of  Islay  and  the  late 
Sir  Wm.  Dawson,  that  in  the  North- West  Highlands  and  in 
the  islands  of  Western  Scotland  on  the  one  hand,  and  in  large 
parts  of  Canada  on  the  other,  the  striations  distinctly  point  to 
the  motive  force  which  made  them  having  come  not  from  the 
iiigh  land  moving  towards  the  sea,  but  that  it  moved  from 
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the  sea  inland.  I  will  content  myself  with  quoting  at  present 
from  the  latter.  He  says :  "  I  have  no  hesitation  in  asserting 
from  my  own  observations  as  well  as  from  those  of  others, 
that  for  the  south-west  striation  the  direction  was  from  the 
ocean  towards  the  interior  against  the  slope  of  the  St,  Lawrence 
valley,  .  .  .  This  at  once  disposes  of  the  glacier  theory  for 
the  prevailing  set  of  striaB ;  for  we  cannot  suppose  a  glacier 
moving  from  the  Atlantic  up  into  the  interior"  {Acadian 
Geology,  p.  69). 

Again,  there  is  the  argument  from  the  incompetency  of  ice 
to  act  as  a  vice  for  the  tools  necessary  to  fashion  the  stri», 
even  when  it  is  hard  blue  ice.  I  do  not  dispute  that  a  glacier, 
when  it  encloses  a  stone  or  a  layer  of  sand  and  presses  abnor- 
mally against  one  of  its  walls,  or  when  it  is  in  a  tight  place  in 
turning  a  comer,  can  and  does  cause  striations  for  a  foot  or 
two  or  a  yard  or  two  in  length,  but  this  is  not  what  we  have 
to  explain.  What  we  have  to  explain  is,  how  ice,  even  the 
hardest  blue  ice,  which  is  a  yielding  substance  and  which, 
when  it  presses  on  the  graving  stone,  does  not  act  like  a  rigid 
body,  but  allows  or  rather  compels  the  stone  to  penetrate  into 
itself  and  cannot  hold  it  in  a  firm  grasp,  can  take  any  par- 
ticular stone  up  and  carry  it  along  in  perfectly  straight  lines 
for  scores  of  miles  when  acting  under  the  differential  pressures 
involved  in  a  journey  over  hill  and  dale.  Even  when  toughest 
and  hardest  at  the  very  bottom  of  a  glacier,  as  Spencer  and 
others  have  shown  in  Norway,  ice  acts  towards  the  stones  it 
meets  like  wax  does  to  the  seal  which  presses  into  it  and 
allows  itself  to  be  moulded  upon  it.  If  its  hold  is  so  slight  as 
only  to  allow  of  a  very  short  and  occasional  striation  being 
made  on  a  sloping  bed  in  a  modem  glacier,  how  can  we  con- 
ceive such  a  thing  possible  to  the  extent  of  miles  of  engraved 
parallel  lines  in  the  case  of  ice  supposed  to  be  moving,  not 
with  gravity  helping  it,  but  over  a  flat  surface,  or  up  hill, 
against  gravity  therefore,  and  doing  this  entirely  by  a  drag 
on  its  nether  surfsM^e  caused  by  the  successive  viscous  flow 
of  the  layers  of  the  ice  over  each  other  ? 

These  and  similar  arguments  have  been  used,  and  used 
again  without  avail,  by  the  present  writer.  No  attempt  has 
been  or  is  made  to  meet  them  or  answer  them,  or  to  give  any 
rational  explanation  of  how  the  postulated  process  could  be 
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made  to  work  under  any  known  conditions,  I  mean  con- 
ditions known  to  mundane  physics.  The  monotonous  reply 
is  the  same  that  was  made  to  their  admiring  votaries  by  the 
priests  of  Diana,  the  great  mother  goddess  of  Asia  Minor : 
'*  Great  is  the  Omnipotent  Ice  Qoddess  of  the  modem  Ephe* 
sians  who  carry  the  banner  of  geological  orthodoxy  ". 

There  is  no  pretence  for  saying  that  the  strisB  in  question 
could  only  be  produced  by  ice,  since  every  other  cause  is  im- 
potent, and  that  we  are  therefore  forced  by  a  process  of 
exhaustion  to  turn  to  this  one  in  spite  of  its  overwhelming 
difficulties.  I  contend  that  this  is  quite  preposterous.  All 
that  we  need  for  making  striaB  is  a  set  of  graving  tools  and  a 
motive  force.  The  graving  tools  are  available  in  the  stones 
and  sand  under  any  hypothesis,  while,  in  regard  to  the 
motive  force,  water  is  much  more  efficient  than  ice  in  every 
way.  Ice  is,  in  fact,  only  very  viscous  water,  and  the  very 
difficulties  which  attach  to  such  a  viscous  substance  as  ice 
vanish  when  we  get  a  substance  so  mobile  as  water — grant- 
ing always,  of  course,  that  it  is  water  in  large  masses  and 
in  rapid  motion.  Under  these  conditions  no  motive  force  is 
more  potent.  No  vice  is  firmer  in  its  grasp  than  a  torrent 
of  rapid  water  driving  a  mass  of  gravel  and  pebbles  and  sand, 
and  no  dynamical  engine  is  more  powerful  than  a  torrent. 
There  is  no  excuse  whatever,  therefore,  for  limiting  the  appeal 
to  the  ice  monster  as  the  only  possible  explanation  of  the 
difficulty,  but  the  reverse.  It  is  because  the  ice  monster  is 
quite  incompetent  to  do  the  work  that  an  appeal  must  be  made 
elsewhere,  and  why  I  so  persistently  have  appealed  to  water 
as  against  ice  as  the  real  fashioner  of  the  drift  phenomena, 
and  notably  of  the  strisB  so  persistently  referred  to  as  glacial. 

Let  us  now  move  on  and  say  a  few  words  about  the  manu- 
facture and  cause  of  the  angular  erratics  and  the  angular 
drift. 

The  explanation  of  the  origin  and  manufacture  of  these 
stones  seems  to  me  a  great  difficulty  for  the  glacial  champions. 
In  some  respects,  and  in  some  only,  they  have  a  parallel 
history  to  the  rounded  boulders.  They  occur  of  all  sizes, 
from  enormous  masses  as  big  as  a  house  down  to  the  pebbles 
in  the  angular  drift,  and  they  are  scattered  through  and  upon 
the  drift  beds  in  very  much  the  same  way,  and  whatever 
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their  origin  they  seem  unquestionably  to  have  been  deposited 
by  the  same  force  and  the  same  impulse  as  the  rounded  and 
rolled  stones. 

As  we  have  seen  they  differ  from  the  rounded  boulders 
and  pebbles  in  having  their  angles  more  or  less  sharp  and 
unrubbed,  and  they  cannot  therefore  have  passed  through 
the  same  mill  by  which  the  rounded  stones  were  shaped  and 
formed.  If  they  have  travelled  far  it  must  have  been  rapidly, 
or  under  conditions  when  continuous  rolling  for  long  periods 
was  not  possible.  The  mode  in  which  they  were  carried  I 
will  try  and  discuss  in  another  chapter.  At  present  I  am 
only  exercised  to  discuss  how  they  were  made.  To  the 
ultra-glacialist,  who  never  seems  to  me  to  verify  his  premises, 
it  is  the  simplest  of  questions.  He  merely  says  these  stones 
were  split  and  splintered  by  the  frost  and  cold  of  the  ice  age, 
and  this  very  elementary  statement  has  been  repeated  galore. 
To  me,  and  perhaps  to  others,  no  explanation  could  be  more 
ridiculous  and  farther  from  the  facts  of  observation. 

Liet  us  try  and  realise  how  frost  works  to  split  stones. 

The  only  way  in  which  it  works,  so  far  as  I  know,  is  by 

alternately  freezing  and  thawing  them  in  cases  where  oremcei 

or  fisswes  or  cracks  are  a/vailable  for  the  moisture  to  get  access 

to  the  interior  of  the  stones.     I  lived  many  years  in  a  part  of 

Lancashire  where  the  process  has  been  utilised  for  generations 

by  the  quarrymen  who  get  the  flags  used  in  our  causeways. 

The  stone  is  there  quarried  in  large  blocks  in  the  summer  and 

spring,  and  the  moisture  finds  its  way  (or  has  done  so  long 

before  when  the  stones  were  in  situ)  between  certain  laminaB 

generally  marking  old  surfaces.     The  great  blocks  are  then 

exposed  to  the  winter's  frost,  which  freezes  the  films  that 

have  got  between  the  laminae,  expands  them  and  thus  splits 

the  blocks  into  flagstones.    The  process  is  simple  and  obvious. 

The  frozen  water  is  simply  a  form  of  wedge.     In  many  cases 

the  blocks  won't  split  at  all,  however,  because  there  are  no 

natural  faces  to  the  laminaB,  and  these  masses  of  dead  rock 

lie  about  the  quarries  as  examples  and  warnings.     While,  if 

we  attempt  the  process  with  rocks  of  other  kinds  whose  masses 

are  crystalline  or  homogeneous  in  structure  and  not  laminar, 

rocks  like  granite,  gneiss,  limestone  or  coarse  sandstone,  we 

may  expose  them  as  long  as  we  please  to  frost  but  there  will  be 
n.  19 
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no  splitting.  There  will,  in  the  coarse  of  time,  be  a  certain 
surface  decay  and  disintegration  in  some  of  them»  due  to  the 
alternate  expansion  and  contraction  caused  by  the  alternating 
temperatures  of  our  summers  and  winters,  but  no  splitting 
into  angular  blocks  or  fragments. 

What  we  can  thus  see  at  work  in  our  Lancashire  and 
Yorkshire  flag  quarries  is  what  takes  place  in  nature  on  a 
large  scale  when  masses  of  rock  are  permeated  by  cracks  and 
fissures  and  joints  if  they  are  accessible  to  moisture.  These 
rocks  when  exposed  to  the  elements  are  naturally  worked 
upon  by  the  winter  frost,  and  the  already  separated  blocks 
or  those  separable  in  this  way  are  easily  detached.  In  this 
way,  no  doubt,  we  can  account  for  many  of  the  angular 
blocks  in  the  Alps,  in  the  Dovrefelds  and  other  high  moun- 
tains. They  have  come  from  the  exposed  peaks  which  have 
been  disintegrated  in  this  fashion,  but  this  explanation  can 
only  apply  to  a  very  small  section  of  the  angular  blocks,  and 
to  hardly  any  of  the  angular  pebbles  in  the  gravels.  These 
have  not  been  detached  along  lines  of  jointure,  but  have  been 
split  and  broken  off  the  bed  rock  and  still  show  the  crystalline 
and  irregular  structure  of  the  broken  faces.  No  frost,  however 
keen  and  prolonged,  could  effect  this  kind  of  breakage  in 
gneiss  and  porphyry  and  greenstone  and  other  hard  rocks 
like  these ;  much  less  could  it  fracture  flints  into  myriads  of 
angular  bits  as  we  find  them  in  the  angular  gravels.  Frost 
seems  to  me  quite  an  inefficient  weapon  for  such  a  task,  even 
in  case  of  alternations  of  temperature  such  as  might  be 
postulated  where  winters  were  very  cold  and  summers  very 
hot,  but  the  very  essence  of  the  glacial  theory  excludes  such 
alternations.  The  ground  in  the  so-called  glacial  age,  by  the 
hypothesis  itself,  was  vnrapped  and  mantled  in  ice  and  snow 
in  sTmuner  as  well  as  winter.  That  age  was  avowedly  a  long 
vdnter  of  the  most  savage  kind,  and  this  being  so,  this  kind 
of  alternation  of  temperature,  even  if  it  were  an  efficient  cause, 
is  not  available,  and  becomes  a  quite  paradoxical  hypothesis. 

We  may  subject  flints  and  quartz  and  quartzite  pebbles 
or  blocks  to  the  efforts  of  frost  for  generations  without  crack- 
ing or  splitting  them,  nor  do  I  in  fact  know  how  it  could 
split  them  under  any  conditions  so  long  as  they  remained 
without  internal  fissures  into  which  it  could  drive  its  wedges. 
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«nd  the  same  is  the  case  with  the  great  masses  of  porphyry, 
porphyrite,  greenstone  and  gneiss  which  have  been  smashed 
right  across  their  crystalline  structure  and  along  no  joints  or 
face& 

There  is  only  one  way,  it  seems  to  me,  in  which  these 
splintered  and  angular  stones  could  have  acquired  their 
present  shape,  namely,  by  violent  impact  or  force;  and  I 
know  of  no  force  available  except  the  throes  and  strains  of 
the  earth  when  remodelling  its  crust,  which  have  occurred  so 
frequently  in  its  history  when  mountains  and  valleys  were 
being  made,  and  pinnacles  and  pics  were  being  shot  into 
mid-air:  the  same  kind  of  forces  which  tossed  the  Alpine 
tertiaries  on  end,  and  rolled  the  chalk  of  Northern  Europe 
into  its  successive  Downs.  It  was  when  the  rocks  in  situ 
were  being  bent  and  twisted  and  riven  and  shattered  and 
torn  by  sudden  or  rapid  and  perhaps  explosive  forces  that  the 
vast  breakages  took  place  of  which  we  see  the  numerous  debris 
in  the  angular  masses  of  riven  rock  we  find  in  so  many  places. 

When  such  forces  acted  upon  a  matrix  of  a  softer  and 
more  yielding  material,  and  enclosing  hard  and  brittle  nuclei 
or  other  masses,  when  they  in  fact  acted  upon  a  substance 
like  chalk,  containing  irregular  or  tabular  masses  of  hard  and 
brittle  flint  in  its  tight  grasp,  they  would,  no  doubt,  shiver 
and  break  the  contained  flints  into  angular  fragments,  leaving 
the  more  yielding  chalky  matrix  largely  intact. 

As  a  matter  of  fact  we  know  that  wherever  the  chalk- with- 
:flints  has  been  largely  disturbed  in  situ,  there  the  flints  it 
contains  are  generally  shattered  and  splintered.  Very  fine 
examples  are  to  be  seen  in  the  Isle  of  Wight,  and  especially 
at  Freshwater  Bay. 

The  view  is  not  new ;  thus  we  read  :  '*  In  certain  places  the 
flints  are  all  fractured  although  retaining  their  original  form 
and  situation.  Sir  Henry  Englefield  was  the  first  to  recognise 
this  at  Carisbrook  in  the  Isle  of  Wight,  and  suggested  that  it 
was  due  to  some  sudden  shock  or  convulsion  which  in  an 
instant  shivered  the  flints,  though  their  resistance  stopped  the 
incipient  motion,  for  the  flints  though  crushed  are  not  dis- 
placed "  (Mantell,  O.  S.  England,  pp.  82,  83). 

Again  we  read :  "  Another  form  of  angular  gravel  is  formed 
of  shivered  chert  from  the  greensand.     The  chert  seems  to 
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have  split  in  situ.  A  remarkable  example  may  be  seen  in  the 
cliffs  overhanging  the  new  road  between  Lyme  and  Char- 
mouth,  and  also  on  Abbotsbory  Castle.  In  the  oolite  also, 
two  miles  west  of  Bridport,  a  similar  dislocation  and  splitting 
of  the  stones  has  converted  to  loose  breccia  the  upper  beds  of 
inferior  oolite  on  part  of  Chideock  HiU.  ...  It  is  difficult  to 
distinguish  the  deposits  of  angular  breccia,  both  of  chert  and 
on  the  chalk  formation,  from  deposits  of  diluvial  gravel  which 
have  been  moved  only  a  short  distance.  The  cliffs  at  Ax- 
mouth  and  near  Sidmouth  exhibit  deposits  of  such  miscel- 
laneous diluvial  gravel  resting  on  red  marl  and  adjacent  to 
beds  of  uniform  and  angular  chalk  flint  breccia  that  rest  on 
the  chalk  "  (Oeol.  Trans.,  2nd  series,  iv.,  pp.  7,  8). 

If,  on  the  other  hand,  we  foUow  the  angular  boulders 
of  crystalline  rock,  which  occur  in  the  German  drifts 
and  in  Southern  Scandinavia,  to  their  parent  beds,  which 
we  can  easily  do,  as  I  have  done,  since  the  migrant  lines  of 
such  angular  blocks  can  be  traced  right  up  to  Dalecarlia,  and 
we  shall  come,  as  I  shall  describe  presently,  upon  such  scenes 
of  ruin  and  violent  breakage  as  are  consistent  only  with  the 
earth  movements  and  strains  I  have  mentioned :  a  conclu- 
sion which  my  master,  Murchison,  with  his  eagle  eye  was 
constrained  to  accept  and  urge  when  he  visited  and  described 
this  district. 

The  same  argument  applies  to  the  heaps  of  angular  blocks 
piled  up  in  many  places  elsewhere,  and  notably  on  the  top  of 
Scaw  Fell. 

I  shall  show  in  a  later  chapter  that  the  distribution  of  the 
drift  was  coincident  with  vast  dislocations  of  the  chalk  and 
other  strata  over  wide  areas,  thus  furnishing  the  only  efficient 
cause,  and  no  doubt,  the  true  cause,  of  the  greater  part  of  the 
angular  drift,  great  and  small ;  and  it  seems  clear  that  just  as 
in  the  case  of  the  rounded  and  rolled  drift  the  force  which 
distributed  the  stones  found  them  ready-made  and  did  not 
make  them,  so  also  in  the  case  of  the  angular  drift  the  materials, 
though  not  the  result  of  long  and  secular  changes,  were  made 
and  ready  to  its  hand  when  the  force  that  scattered  the  drift  was 
at  work.  The  only  difference  was,  that  in  the  one  case  the 
rolled  stones  were  of  tertiary  or  earlier  date  and  had  been 
manufactured  long  before,  while  the  angular  drift  had  only 
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been  recently  or  concurrently  made.  The  two  sets  of  stones, 
as  we  know,  were  mixed  and  mingled  and  borne  along  together, 
but  their  mode  of  manufacture  was  different,  and  this  and 
this  only  is  the  explanation  of  the  fact  of  their  occurring 
together  as  they  do.  Thus,  when  we  are  asked  to  explain  the 
drift,  it  is  clear  that  the  problem  we  have  to  solve  is  a  much 
simpler  one  than  has  been  supposed.  It  does  not  involve 
an  explanation  of  the  making  of  the  rolled  stones  and  of  the 
angular  drift  of  the  gravels  and  their  contained  pebbles,  nor 
of  the  sands  and  the  clays.  These  had  been  manufactured  by 
other  processes,  and  many  of  them  long  before.  What  we 
have  to  explain  is  -a  much  simpler  matter,  it  is  merely  the 
mode  of  distribution  of  these  materials  as  we  now  find  them 
distributed,  and  the  question  we  have  to  face  is :  Did  ice  in 
any  form  or  shape,  either  as  ice-sheets  or  ice-glaciers  or  ice- 
bergs, distribute  them  (could  it  in  fact  distribute  them  as 
-we  find  them),  or  was  this  done  by  some  other  agency  ?  To 
this,  the  crux  of  the  inquiry  which  has  occupied  us  in  previous 
volumes,  I  will  again  turn  in  the  next  chapter. 
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CHAPTER  XV. 

THE  INTEBNAL  STRUOTUBE  OF  THE  DRIFT  BEDS  AS  EVIDENCE 
OF  THEIR  ORIQIN  AMD  DISTRIBUTION. 

• 

**  When  it  beoomes  neoesBary  to  invent  imaginary  oonditions  to  do  imagin- 
arj  work  instead  of  rigoxously  reasoning  out  the  probabilities  of  geological 
facts— all  too  few  in  many  cases — I  shall  leave  the  seemingly  congenial  oc- 
cupation to  the  poets  and  romancers  of  science,  and  confess  myself  entirely 
unfitted  for  the  prosecution  of  scientific  investigation"  (T.  M.  Beads, 
Geological  Magaainey  1898,  p.  87). 

In  the  two  previous  chapters  I  have  tried  to  reduce  the  pro- 
blem of  explaining  the  drift  to  much  smaller  proportions  than 
is  usually  done,  and  to  argue  that  a  large  class  of  phenomena, 
which  have  been  often  confused  with  that  problem,  have 
nothing  to  do  with  it,  but  must  be  explained  by  a  reference  to 
an  earlier  geological  period,  or  to  other  and  separate  causes. 

With  the  exception  of  certain  strisB,  a  limited  number  among 
the  great  mass  of  striae  generally  classed  together,  and  which 
seem  directly  connected  with  the  movement  of  the  drift 
when  it  was  last  distributed,  the  phenomena  discussed  in 
the  previous  two  chapters  seem  to  have  no  direct  connection 
with  the  problem  supposed  to  be  involved  in  appeals  to  an  Ice 
Age,  or  to  other  explanations  of  the  drift,  I  mean  the  grind- 
ing down  of  rocks  into  boulders  and  gravel  and  sand  and  clay, 
and  the  rounding  of  rock  surfaces  so  often  overlaid  by  drift* 
These  are  all  most  important  geological  riddles,  but  they  are 
important  to  the  student  of  Tertiary  Geology  and  not  of  the 
so-called  drift  period.  The  work  they  testify  to  was  done  in 
tertiary  times  or  earlier. 

Let  us  turn,  therefore,  to  what  is  more  germane  to  our 
question,  namely,  not  to  the  manufacture  of  the  materials  of 
the  drift  but  to  their  distribution,  a  question  which  has 
occupied  us  largely  in  former  works.     This  is  the  real  drift 
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problem,  and  it  presents  itself  in  two  ways ;  that  is  to  say,  we 
have  to  inquire  into  two  features  or  factors  of  the  distribution. 
First,  the  internal  structure  of  the  drift  beds ;  and  secondly^ 
the  external  contours  and  features  of  the  same  beds. 

Lyell,  who  first  classified  these  beds,  divided  the  drifts  of 
Norfolk  into  two  sections,  the  stratified  and  the  unstratified 
drift.  To  the  latter  he  gave  the  name  of  Till,  a  name  by 
which  the  country  people  in  Scotland  call  a  similar  deposit. 
It  would  have  been  well  if  the  term  till  had  been  strictly 
limited  to  this,  its  original  meaning,  as  it  generally  is  by 
American  geologists.  Its  essential  feature  is  that  it  is  un- 
assorted and  void  of  structure. 

Let  me  give  a  description  of  it  from  one  who  knows  it  well, 
namely,  Prof.  James  Geikie.  He  describes  it  as  ''usually  a 
firm,  tough,  tenacious,  stony  clay,  which  gives  every  evidence 
of  having  been  subjected  to  great  pressure.  So  tough,  indeed, 
does  it  often  become  that  engineers  would  much  rather  exca- 
vate the  most  obdurate  rocks.  .  .  .  Often,  however,  the  clay 
becomes  coarser  and  sandier,  and  when  this  is  the  case  water 
soaks  through  it  It  then  loses  consistency,  and  is  sometimes 
ready  to  '  run '  or  collapse  as  soon  as  an  excavation  is  made. 
Again,  in  certain  districts  it  might  be  described  as  a  coarse 
agglomerate  of  sub-angular  and  angular  stones  set  in  a  scanty 
matrix  of  coarse,  earthy  grit  and  sand,  as  in  the  lower  tracts 
of  many  of  the  islands  of  the  Hebrides.  A  still  more  abnor- 
mal kind  of  till  is  found  occasionally  in  sandstone  districts. 
It  consists  of  an  exceedingly  rude  debris  of  the  underlying 
sandstone,  intermingled  with  which  occur  a  few  stones  derived 
from  a  distance.  The  sandstone  blocks  are  of  all  sizes  and 
shapes,  from  two  or  three  inches  up  to  fragments  five  feet 
and  more  in  diameter.  In  some  places  they  are  heaped 
confusedly  together  with  little  or  no  matrix  in  the  interstices 
between  the  blocks.  In  other  places,  however,  we  find  the 
stones  set  in  a  more  or  less  meagre  matrix  of  clay  and  sand. 
This  rude  kind  of  till  sometimes  attains  a  thickness  of  more 
than  twenty  feet,  as  in  the  moors  of  Eirk  of  Shotts,  Lanca- 
shire, etc.    It  passes  gradually  into  till  of  the  normal  tjrpe. 

"Sometimes  the  stones  in  the  till  are  so  numerous  that 
hardly  any  matrix  of  clay  is  visible.  This,  however,  does  not 
often  happen.    On  the  other  hand,  they  occasionally  appear 
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more  sparsely  scattered  through  the  clay,  but  this  occurs  still 
less  frequently.  As  a  rule,  it  is  hard  to  say  whether  the  stones 
or  the  clay  form  the  larger  percentage  of  the  deposit  in  a 
mass  of  tjrpical  till,  its  stony  character  being  generally  more 
pronounced  in  hilly  districts,  but  to  this  there  are  many  excep- 
tions. .  .  .  Stones  and  boulders  alike  are  scattered  higgledy- 
piggledy,  pell-mell  through  the  clay,  so  as  to  give  to  the  whole 
deposit  a  highly  confused  and  tumultuous  appearance  "  {Grreat 
Ice  Age,  third  edition,  pp.  7-10). 

This  being  without  question  the  most  typical  of  so-called 
glacial  deposit,  it  is  a  remarkable  fact  that  no  such  deposit 
is  now  being  made,  so  far  as  we  know,  by  land-ice  anywhere. 
In  my  Gladal  Nightmare  (pp.  685-693  and  777-778)  I  have 
quoted  the  observations  of  several  observers  on  the  subject, 
and  will  now  quote  one  or  two  more. 

Prof.  Bonney  surely  pronounces  the  conclusion  of  all  of  us 
who  have  visited  Alpine  countries  containing  glaciers  when  he 
writes  as  follows :  "  The  glaciers  of  the  Swiss  and  Savoy  Alps 
have  been  retreating  for  several  years ;  if  anything  like  ground 
moraine  existed  this  would  be  a  very  favourable  time  for 
observing  it.  In  no  case  have  I  been  able  to  find  signs  of  aavy 
deposit  resembling  till  or  boulder  clay.  .  .  .  Nothing  has  been 
seen  but  bare  rock,  with  now  and  then  a  film  of  mud  or  a 
passing  stone.  In  short,  the  result  of  an  experience  of  some 
years  has  convinced  me,  that  if  anything  like  the  till  or  ground 
moraine  of  recent  glacialists  exists  in  the  Alps,  it  is  a  very 
local  and  exceptional  phenomenon." 

In  regard  to  Greenland,  Nordenskiold  describes  an  area 
lately  left  by  the  ice  as  containing  no  moraines,  and  in  his 
description  makes  no  mention  of  boulder  clay.  ''  We  passed, 
in  fact,  over  ground  that  had  but  lately  been  abandoned  by 
the  inland  ice.  .  .  .  Everywhere  occur  rounded  but  seldom 
scratched  hills  of  gneiss  with  erratic  blocks  in  the  most  un- 
stable-positions of  equilibrium,  separated  by  valleys  with  small 
mountain  lakes  and  scratched  rock  surfaces.  On  the  other 
hand,  no  real  moraines  were  discoverable.  These  seemed  to 
be  commonly  absent  in  Scandinavia,  and  are,  generally 
speaking,  more  characteristic  of  small  glaciers  than  of  real 
inland  ice  "  (Arctic  Voyages,  pp.  169-170).  And  in  describing 
the  clay  beds  of  Greenland  he  says :    "  The  material  of  the 
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•clay  beds  has  evidently  been  deposited  by  the  glacier  rivers, 
but  in  general  the  deposits  are  sea  formations,  i.e.,  they  have 
been  deposited  under  the  level  of  the  sea  "  (OeoZ.  M.ag,^  ix.,  p. 
410). 

Similar  remarks  may  be  made  with  regard  to  those  areas 
in  America  where  a  retreat  of  the  ice  permits  an  examination 
of  the  ground  recently  occupied  by  it.  In  the  Am&r.  Jov/m. 
■of  Science  for  March,  1902,  for  example,  is  an  interesting 
description  of  Mount  St.  Elias  and  its  glaciers.  Where  the 
ice  has  retreated  glaciated  surfaces  are  seen,  but  no  boulder 
clay.  Spread  out,  however,  over  the  whole  area  between  the 
ice  and  the  sea  is  a  mass  of  stony  morainic  matter.  Streams 
from  the  glaciers  carry  the  finely  ground  rock  matter  into  the 
«ea  (Buhnan,  Geol  Mag.,  1892,  pp.  306-307). 

The  position  here  maintained  is  quite  admitted  by  Prof. 
Geikie.  Having  dogmatically  affirmed  that  the  scratched 
stones  in  the  till  undoubtedly  owe  their  shaping  and  scratching 
to  the  action  of  ice,  he  says :  ''  The  frontal  moraines  of  glaciers 
-do  not  at  all  resemble  till  or  boulder  clay.  The  moraine  con- 
sists for  the  most  part  of  a  confused  heap  of  angular  stones 
«nd  blocks  and  loose  sand  and  debris ;  scratched  stones  are 
-decidedly  in  a  minority,  and,  indeed,  a  close  search  will  often 
fail  to  show  them.  Clearly,  then,  till  is  not  of  the  nature  of  a 
terminal  moraine.  •  .  .  We  look  in  vain  among  the  glaciers 
of  the  Alps  for  such  a  deposit.  ...  It  is  clear  that  the  con- 
ditions for  the  gathering  of  a  stony  clay  Uke  till  do  not  obtain 
^as  far  as  we  know)  among  the  Alpine  glaciers  "  {Qreat  Ice  Age, 
pp.  63-65).  This  is  quite  frank  and  honest.  It  exactly  con- 
ours  with  everything  I  have  myself  seen  both  under  and  at 
the  foot  of  Alpine  glaciers,  but  it  does  not  raise  any  doubts 
in  Mr.  Geikie's  mind  that  the  till  was  nevertheless  the  product 
of  land-ice.    Let  us  follow  his  argument. 

Comparing  an  ordinary  Alpine  moraine  with  a  deposit  of 
till,  he  says  of  the  former,  '*  The  scratched  stones  we  may 
occasionally  find,  but  where  is  the  clay  ?  "  He  then  goes  on  to 
describe  the  milky-white  or  yellow-brown  stream  which  flows 
from  every  glacier,  and  says :  "If  we  lift  some  of  the  water 
in  a  glass  and  examine  it,  we  shall  find  that  its  colour  is  due 
to  the  presence  of  a  very  fine  impalpable  mud.  In  the  more 
sheltered  reaches  of  a  glacial  river  this  mud  will  occasionally 
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accumulate  to  some  depth.  It  is  an  unctuous,  sticky  deposit^ 
and  only  requires  pressure  to  knead  it  into  a  tenacious  clay. 
There  can  be  no  doubt  whatever  that  it  owes  its  origin  to 
the  grinding  power  of  the  glacier.  The  stones  and  mud  which 
the  ice  forces  along  are  crushed  and  pulverised  against  each 
other  and  upon  the  rock  below,  and  the  finer  material  result* 
ing  from  the  action  is  what  renders  the  glacial  rivers  turbid 
and  milky.  If  there  were  no  water  to  wash  out  the  mud  formed  m 
thii  way  below  the  glacier,  it  is  evident  that  not  only  scratched 
stones  but  clay  also  would  gather  underneath  the  ice  and  be 
pushed  out  at  its  termination  ;  and  this  clay,  owing  to  exces- 
sive pressure  and  to  the  finely  divided  nature  of  its  ingredients,, 
would  be  hard  and  tough.  The  till  of  the  Scottish  Lowlands, 
when  it  has  been  exposed  to  the  influence  of  the  weather, 
sooner  or  later  crumbles  down,  and,  when  water  rushes  over 
it,  then  that  which  was  once  a  hard  tough  clay  becomes  a 
soft,  sticky,  unctuous  mud  that  clings  persistently  to  every- 
thing it  touches.  No  one  who  compares  this  mud  with  that 
derived  from  the  glacial  waters  of  the  Alps  will  fail  to  notice 
their  similarity.'*  Mr.  James  Geikie  then  goes  on  to  argue 
that  **  the  upper  reaches  of  the  Swiss  valleys  are,  as  a  rule,  too 
steep,  and  there  is  too  much  water  circulating  below  the  ice 
to  allow  any  considerable  thickness  of  such  a  deposit  as  till  to 
accumulate,"  and  after  urging  objections  to  an  appeal  to 
icebergs  as  a  cause  of  the  till,  he  appeals  to  vast  ice-sheets 
not  moving  down  hollowed  valleys  but  marching  over  level 
country  or  over  a  rolling  country,  irrespective  of  the  slope 
and  gradients  of  the  ground.  These  ice-sheets  would,  it 
is  argued,  produce  quite  a  different  product  in  the  shape 
of  a  moraine  to  those  produced  by  glaciers.  Mr.  Geikie 
thus  describes  what  he  imagines  was  the  case :  ''As  the 
crushing  and  grinding  continued,  few  stones  would  escape 
being  smoothed  and  striated,  while  the  fine  mud  resulting 
from  all  this  work  would  get  mixed  up  with  the  stones  and 
form  a  stony  clay.  It  is  true  that  water  would  circulate  be- 
low the  ice  to  some  extent,  as  we  know  it  does  underneath 
the  glaciers  of  Greenland,  and  no  doubt  much  glacial  mud 
would  be  carried  away  by  this  means ;  nevertheless  all  that 
could  possibly  escape  would  bear  but  a  very  small  proportion 
to  what  remained  behind.     Thus  both  mud  and  stones  would 
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tend  to  collect  nnder  the  ice,  and  as  that  great  mass  moved 
onwards,  pressing  with  prodigious  weight,  the^mnd  and  stones 
would  be  squeezed  and  dragged  forward  so  as  to  become  a- 
confused  and  pell-mell  mixture  of  clay  and  stones  with  here 
and  there  traces  of  water-action  in  the  form  of  irregular 
patches  and  interrupted  bands  of  stones,  gravel,  earthy  sand 
and  clay — ^in  short,  till  or  boulder  clay.  Such,  then,  would 
appear  to  be  the  origin  of  that  remarkable  deposit ;  it  is  the 
ground  moraine,  or  moraine  profonde  of  the  old  ice-sheet " 
{ibid,,  p.  66,  etc.). 

The  view  here  urged  is  that  held  by  the  orthodox  school 
of  glacial  geologists.  I  will  only  add  to  it  a  corresponding 
paragraph  from  the  late  Prof.  Green's  text-book.  The  italics 
have  been  added  to  point  the  moral  more  plainly.  **We 
have  already  seen,"  he  says, ''  that  under  such  a  sheet  (con- 
tinental ice-sheet)  there  is  probably  found  an  accumulation  of 
clay  and  stones  known  as  moraine  profonde  or  grund  moraine^ 
and  till  resembles  exactly  what  we  picture  to  ourselves  that 
this  deposit  mmt  be  like.  .  .  .  Though  the  existence  of  the 
moraine  profonde  is  to  a  certain  extent  hypothetical,  the  prob- 
ability that  such  an  accumulation  is  found  beneath  great  ice- 
sheets  is  so  great,  and  its  character,  if  it  exists,  must  be  so 
exactly  that  of  till,  that  nearly  all  geologists  are  now  agreed 
to  look  upon  the  latter  as  having  been  formed  by  the  grinding 
and  wearing  away  by  an  ice- sheet  of  the  ground  on  which 
it  rested  "  {Marmdl  of  Oeology,  p.  264). 

It  will  be  seen  by  any  one  accustomed  to  inductive  methods 
in  science  that  in  all  this  we  have  abandoned  real  induction 
almost  entirely,  and  have  fallen  back  upon  those  methods  of 
deductive  logic  which  still  prevail  so  much  in  Germany  and 
which  consist  in  piling  up  one  hypothesis  upon  another,  all 
derived  from  the  land  of  clouds  in  order  to  sustain  some 
a  priori  postulate. 

Let  us  test  the  position  at  some  other  points.  In  the 
first  place  in  regard  to  Alpine  glaciers.  Prof.  Geikie  seems 
to  think  that  water  is  continually  circulating  underneath 
the  whole  of  a  glacier.  The  fact  is,  a  glacier  stream  or 
river  is  a  mere  drain  carrying  off  the  melted  surface  water 
that  reaches  it  through  crevasses,  and  the  greater  part  of  a 
glacier  is  as  tightly  pressed  against  its  bed  as  a  mass  of  such 
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a  weight  which  can  accommodate  itself  to  its  bed  must 
necessarily  be.  In  a  great  number  of  Alpine  glaciers  the  sub- 
glacial  stream  occupies  only  a  very  small  part  of  the  glacier 
bed.  The  rest  is  precisely  in  the  same  condition  that  that  of 
the  supposed  ice-sheet  was  in,  with  this  exception,  that  since 
«  glacier's  motion  is  faster  its  erosive  tendency  must  be  greater 
than  that  of  the  postulated  ice-sheet.  This  being  so,  how  is 
at  that  even  in  the  widest  Alpine  valleys,  take  that  of  the 
Bhdne  glacier  for  instance,  we  have  nothing  like  till,  but  a 
part  of  the  bottom  of  the  valley  below  the  glacier  is  strewn 
with  clean-washed  rounded  stones  and  the  rest  is  mere  bare 
rock,  while  when  we  creep  underneath  the  ice  we  merely  have 
a  smoothed  bed  and  no  mantle  of  soft  deposit  over  it  ?  The 
ikrgument  of  Prof.  Qeikie  in  this  behalf  is  surely  altogether 
irrelevant. 

If  we  leave  Switzerland  and  examine  areas  where  the 
masses  of  ice  are  very  much  larger,  and  are,  in  fact,  the  only 
masses  that  can  be  compared  in  size  and  bulk  with  the 
supposed  ice-sheets,  namely,  Greenland  and  Alaska,  the  fact 
is  even  more  patent. 

In  regard  to  Greenland,  the  most  like  an  ice-sheet  of  any 
^eat  mass  of  existing  ice  known  to  me,  I  can  find  no 
evidence  whatever  of  any  such  ground  moraine  or  sub-glacial 
till  as  Prof.  Geikie  speaks  of.  Nordenskiold  and  all  other 
geologists  who  have  explored  the  country  have,  so  far  as  I 
know,  utterly  denied  the  existence  of  anything  Uke  it. 

Chamberlin,  whose  prejudices  are  all  the  other  way,  is 
•constrained  to  say:  "The  amount  of  drift  on  the  territory 
once  occupied  but  now  free  from  ice  in  Greenland  is  notable 
rather  for  its  scantiness  than  its  abundance.  On  Disco 
Island  it  was  found  to  be  very  limited,  except  along  the  im- 
mediate fronts  of  the  present  glaciers.  In  the  Inglefield  Gulf 
region  there  are  at  some  points  very  considerable  accumu- 
lations of  drift  within  a  mile  or  two  of  the  present  ice-front, 
but  at  the  same  time  much  of  the  territory  between  the  ice- 
front  and  the  sea  bears  a  very  scanty  covering  of  drift.  No 
^eat  moraines  were  seen,  nor  any  thick  mantles  of  drift. 
The  valleys  in  front  of  the  glaciers  are  well  glossed  with 
glacial  work,  but  even  here  the  rock  occasionally  appears " 
IBecent  Glacial  Studies  in  Greenland^  p.  217).      Nordenskiold 
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denies  the  existence  of  any  true  moraines  in  Greenland.. 
They  are  also  commonly  absent  from  Scandinavia,  and  seem, 
as  he  says,  more  characteristic  of  small  glaciers  than  of 
inland  ice  {Arctic  Voyages,  pp.  169-170).  No  glacial  clays 
occur  on  the  strip  of  Greenland  coast  lying  between  the 
inland  glaciers  and  the  sea.  At  Mount  St.  Elias,  in  North- 
western America,  no  boulder  clay  occurs  (see  Amer.  Joum.  of 
Science,  March,  1892). 

Let  us  now  look  at  the  case  from  some  other  aspects.  A 
considerable  part  of  the  stones  contained  in  till  seem  ta 
me  to  bear  unmistakable  traces  of  having  been  rolled  in  water. 
Only  a  portion  of  them  have  their  angles  sharp ;  on  the  con- 
trary, they  have  their  edges  blunted  and  rounded.  How  could 
this  happen  if  the  till  in  which  they  are  contained  were  the- 
product  of  a  frozen  mass  of  ice  grinding  down,  by  means  of 
stones  embedded  in  its  substance,  the  underlying  rocks  ?  W& 
can  understand  how  this  could  happen  in  a  glacier  where- 
some  of  the  stones  are  carried  intact  on  its  back  and  some 
are  rubbed  against  its  floor.  But  we  have  not  to  do  here 
with  glaciers.  It  must  be  remembered  that  if  we  substitute 
ice-sheets  for  glaciers  on  the  scale  required,  we  must  bury 
far  down  in  the  ice  all  the  rocky  surfaces  from  which  the 
stones  in  the  till  could  be  derived.  This  is  quite  admitted 
by  Prof.  Geikie.  Thus  he  says :  '*  In  the  glaciers  of  the 
Alps  we  have  every  reason  to  believe  that  a  considerable 
proportion  of  stones  used  as  chisels  and  stylets  by  the  ice  are 
introduced  from  above;  they  tumble  from  the  crags  upon 
the  surface  of  the  ice,  and  drop  into  those  deep  crevasses, 
which  must  sometimes  cut  a  glacier  to  its  bottom.  But 
when  ice  buried  Scotland  to  a  depth  of  several  thousand  feet,, 
only  a  few  hill  tops  would  rise  above  the  general  level  of  the 
mer  de  glace.  Consequently,  little  debris  would  be  showered 
upon  the  ice;  and  even  supposing  considerable  heaps  of 
blocks  and  rocky  rubbish  did  accumulate  here  and  there  at 
the  base  of  some  isolated  hill,  it  is  nevertheless  very  unlikely 
that  any  portion  would  ever  work  its  way  to  the  bottom  of 
the  thick  ice-sheet.  The  gravers  employed  by  the  ice  in 
dressing  the  Scottish  hiUs  and  vaUeys  could  not  have  been 
derived  from  above;  they  must  have  been  obtained  from 
below  "  (Chreat  Ice  Age). 


302  Ice  or  Water. 

This  being  Geikie's  view  of  the  origin  of  the  great  mass  of 
the  drift,  I  cannot  see  how  he  can  explain  the  difficulty  with 
which  I  started  the  last  paragraph,  namely,  the  mixture  of 
rolled  stones  and  angular  ones  (both  of  them  far  travelled 
•erratics)  in  the  drift.  Apart,  however,  from  the  difficulty  of 
explaining  a  mixture  of  angular  and  rounded  boulders  by 
means  of  an  ice-sheet,  that  hjrpothesis  (first  started,  I  believe, 
by  E.  CoUomb  and  warmly  supported  by  Penck  and  others) 
at  once  brings  us  face  to  face  with  the  paradox  I  have 
already  analysed  and  I  think  shown  the  complete  absurdity  of, 
and  which  involves  a  capacity  in  ice  for  digging  up  or  breaking 
up  its  own  floor.  As  it  seems  to  me,  Greenland  is  a  perfectly 
unanswerable  test  of  such  notions.  There  we  have  virtually 
no  moraines  at  all  where  the  biggest  glaciers  flow  out,  unless 
there  are  exposed  crags  {nvma>iakker\  and  in  Greenland,  as  I 
have  previously  said,  the  effective  denuding  force  must  be 
much  greater  than  in  any  possible  ice-sheet  because  the 
gradient  of  the  glaciers  is  so  steep  and  their  ascertained 
speed  is  so  great.  There,  if  anywhere,  the  tooth-drawing 
process  of  glacial  stone-gathering  ought  to  flourish.  How  such 
a  process  which  does  not  exist  under  the  favourable  djrnamical 
conditions  of  Greenland  should  be  possible  when  ice  is  moving 
over  level  plains  by  means  merely  of  its  viscous  drag,  and 
therefore  moving  very  slowly  and  ineffectively,  I  know  not. 

In  regard  to  the  more  general  question  as  to  the  possibility 
of  so-called  ground  moraines,  and  the  tremendous  and,  in 
fact,  insuperable  difficulties  they  present,  I  can  only  refer  to 
my  former  analysis  and  the  opinion  of  many  competent  ob- 
servers of  the  question,  which  have  in  no  point  been  met  or 
answered  by  the  ice  men  (Glacial  Nightmare,  pp.  687-693 ;  ante, 
vol.  i.,  p.  409).  So  strong  and  overwhelming  is  the  case 
against  ground  moraines,  however,  that  in  America  the 
champions  of  the  ice  age  are  giving  it  up  altogether,  and 
fal^ng  back  on  their  notions  about  englacidl  drift,  etc.,  which 
I  have  already  criticised.  It  is  plain,  therefore,  that  if  we 
are  to  follow  inductive  methods,  and  to  explain  the  till  and 
its  origin  by  any  process  of  ice-work  of  which  we  have  at 
present  cognisance,  we  must  discard  ice,  in  the  form,  at  all 
•events,  of  land-ice,  as  a  quite  incompetent  instrument. 

On  the  other  hand,  it  seems  to  present  every  feature  which 
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we  should  expect  to  find  in  a  subaqueous  deposit,  and  the 
only  deposits  at  all  like  it  now  being  made  are  subaqueous. 
On  this  part  of  the  issue  again  I  have  written  at  some  length 
in  my  GUuAaX  Nightmare  (pp.  778-779).  I  will  add  one  or  two 
more  testimonies  to  those  I  have  there  quoted. 

Prof.  Dawkins  says :  "  The  hypothesis  that  the  boulder 
days  have  been  formed  on  land  is  open  to  the  objection  that 
no  similar  clays  have  been  proved  to  be  so  formed,  either  in 
the  Arctic  regions  where  the  ice-sheet  has  retreated,  or  in 
the  districts  forsaken  by  the  glaciers  on  the  Alps  or  Pyrenees, 
or  in  any  other  mountain  chain.  Similar  deposits,  however, 
iiave  been  met  with  in  Davis  Strait  and  in  the  North  Atlantic, 
which  have  been  formed  by  melting  icebergs ;  and  we  may 
therefore  conclude  that  the  boulder  clays  have  had^  a  like 
origin  "  {Early  Man  in  Britain^  pp.  116-117). 

Again,  Sir  Wm.  Dawson  says :  '*  The  results  of  the  investi- 
gations of  the  Challenger  in  the  Antarctic  Ocean  are  of  great 
importance  with  reference  to  the  formation  of  marine  till 
and  stony  clays.  The  dredge  may  now  be  said  to  have 
settled  the  question  by  ascertaining  the  deposition  of  marine 
boulder  clay,  or  at  least  of  a  deposit  of  sand  and  clay,  with 
fragments  of  various  rocks  over  areas  perhaps  as  great  as 
those  now  covered  with  similar  deposits  in  the  northern 
hemisphere.  It  is  most  instructive  to  find  that  a  bed  of  this 
stony  mud  is  in  process  of  deposition  from  floating  ice  in 
the  southern  ocean,  and  this  with  such  rapidity  that  the /ora- 
minifera  and  other  organisms  elsewhere  forming  the  deep  sea 
ooze  are  quite  masked  by  it  '*  {Ice  Age  in  Canada,  pp.  100-101). 

A  more  powerful  advocate  of  the  same  view  is  my  friend 
Colonel  Fielden,  whose  well-known  paper  on  the  deposits  of 
the  Island  of  Eolguef  seems  almost  conclusive  on  the  subject. 

In  this  very  interesting  paper,  describing  the  stones  exposed 
by  the  streams  in  the  beds,  he  says:  ''An  examination  of  these 
stones,  which  are  of  every  shape  and  form,  from  angular 
fragments  to  rounded  and  polished  blocks,  shows  that  a 
large  proportion  are  ice-scratched"  (say  scratched,  H,H,H,). 
*'  The  medley  of  rocks  represented  is  remarkable,  granites  and 
gneisses,  limestones,  silurian  and  carboniferous  grits,  quart z- 
ites,  porphyries,  a  variety  indeed  so  great  that  it  would  take 
a  trained  petrologist  to  enumerate  them.    An  immense  land 
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surface  has  been  put  under  contribution  to  supply  such  a 
diversity  of  rocks.  The  boulders  are  of  all  sizes,  from  a 
walnut  to  large  dimensions;  one  of  hard  yellow  sandstone 
was  polished,  scored  and  striated.  Along  its  major  axis  it 
hsid  deep  flutings  cut  into  it,  and  in  addition  it  was  trans- 
versely scratched.  It  measured  fifteen  feet  in  length,  nine 
feet  in  breadth  and  six  feet  in  height.  In  the  mud  and  clay 
cliffs  are  here  and  there  stones  and  boulders  of  the  same 
character  sticking  out  of  their  banks  or  resting  on  the  talus 
ready  to  slide  down.  These  erratics  have  no  tendency  to 
form  lines  of  horizontal  deposit  in  the  beds.  My  opinion,'^ 
he  says,  'Ms  that  all  have  been  dropped  from  floating  ice 
intermittently  and  tranquilly.  The  matrix  of  clay  around 
them  shows  no  signs  of  disturbance ;  on  falling  from  the  ice- 
rafts  they  have  sunk  gently  into  the  yielding  mass,  and  now 
they  lie  throughout  the  beds  looking  like  currants  in  a  cut 
loaf."  He  adds  that  he  has  no  altogether  satisfactory  explana- 
tion of  the  presence  of  such  immense  numbers  of  ice-scratched 
stones  as  occur  at  Eolguef.  ''  The  action  of  an  ice-sheet  cannot 
be  invoked  at  Kolguef.**  He  further  asks  where  the  millions- 
of  scratched  stones  found  there  can  have  been  manufactured, 
and  speaks  of  the  difficulty  of  conceiving  a  train  of  circum- 
stances admitting  of  erratics  being  transported  in  floe-ice  to 
some  rocky  coast,  there  to  be  scratched  and  carried  out  to 
sea  and  deposited  on  the  floor  of  the  ocean,  and  if  they  came 
from  glaciers,  how  did  ice-scratched  stones  get  from  the 
glacier  to  the  ice-raft  ?  Where,  however,  could  such  glaciers 
have  existed  at  the  time  when  these  beds  were  being  laid 
down? 

-*  The  Eolguef  beds,  like  the  so-called  glacial  beds  in  the- 
East  Anglia  cliffis,  may  be  divided  into  clays  and  sands,  but 
their  differences  of  composition  merge  into  one  another. 
Not  unfrequently  the  clays  pass  into  horizons  of  a  more 
sandy  composition,  although  so  insensibly  that  it  is  difficult 
to  determine  exactly  where  the  change  takes  place.  The 
cliffis  are  so  homogeneous  in  character,  and  the  passage  of 
the  clay  stratum  into  sand  is  so  gradual,  that  the  alternation 
is  evidenced  more  by  the  change  of  colour  in  the  sections 
than  by  any  definite  lines  of  demarcation.  It  is  evident  that 
no  break  has  occurred  in  the  continuous  deposition  of  thes^ 
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sedimentary  beds.  .  .  .  The  Kolguef  beds  were  evidently 
deposited  in  the  sea.  .  .  .  Various  fragments  of  Saxicava 
arctica,  Mya,  etc.,  appeared  to  be  dispersed  from  the  bottom 
to  the  top  of  the  beds ;  they  were  rare,  and  I  obtained  but 
few  entire  examples.  .  .  .  These  moUuscan  remains,  found 
in  various  locahties  and  through  the  whole  exposed  thickness 
of  some  of  the  beds,  all  of  which,  are  in  my  opinion,  sedimen- 
tary, afford  proof  of  their  marine  origin." 

Colonel  Fielden,  in  comparing  the  boulder  clays  of  England 
with  those  of  Kolguef,  says  :  *'  To  a  certain  extent  all  those 
that  we  have  at  home  are  fragmentary  when  compared  with 
the  boulder-bearing  beds  of  Kolguef,  which  we  may  assume 
are  fifty  miles  in  length  by  forty  in  width,  with  a  thickness  of 
not  less  than  250  feet,  probably  far  more,  all  lying  in  one 
undisturbed  mass  without  the  slightest  sign  of  a  basement  or 
interrupting  rock,"  while  he  tells  us  that  he  met  at  Kolguef 
with  no  deposit  precisely  hke  that  which  is  called  till  in  Scot- 
land, ie.,  a  tough,  firm  clay  with  neither  crack  nor  joint,  which 
will  not  blast,  and  is  difficult  to  pick  to  pieces.  He  goes  on 
to  say  that  there  are  many  deposits  in  Britain  called  "  boulder 
clays,"  which  are  in  no  degree  superior  in  toughness  to  those 
of  Kolguef,  for  instance  those  of  the  Yorkshire  coast  and  the 
chalky  boulder  clays  of  Norfolk.  Colonel  Fielden  suggests 
that  the  tenacity  of  the  clays  depends  very  largely  upon  the 
nature  of  the  rocks  from  which  they  have  been  derived,  and 
he  suggests  that  many  boulder  clays  in  this  country,  and  in 
other  parts  of  the  world,  may  have  been  deposited  under 
water.  "  It  is  suggestive,"  he  continues,  '*  that  all  the  glacial 
deposits  which  I  have  met  vdth  in  Arctic  and  Polar  lands, 
with  the  exception  of  terminal  moraines,  now  forming  above 
sea-level,  in  areas  so  widely  separated  as  Smith's  Sound, 
Grinnell  Land,  Northern  Greenland,  Spitzbergen,  Novaya 
Zemblaya  and  Arctic  Norway,  should  be  glacio-marine  beds. 
Throughout  this  broad  expanse  of  the  Arctic  regions  I  have 
come  across  no  beds  that  could  be  satisfactorily  assigned  to 
the  direct  action  of  land-ice ;  that  is  to  say,  beds  formed  in 
situ  by  the  grinding  force  and  pressure  of  an  ice-sheet.  On 
the  contrary,  so  far  as  I  can  judge,  the  glacial  beds  which  I 
have  traced  over  the  extensive  area  mentioned  above  have  all 

been  deposited  subaqueously  and  re-elevated. 
II.  20 
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**  Nowhere  have  these  facts  been  more  strikingly  confirmed 
than  by  the  investigation  of  the  geological  structure  of  Kolguef . 
There  we  find  a  large  island  emerging  from  Barentz  Sea, 
showing,  to  my  mind,  evidence  by  its  sedimentary  glacio- 
marine  beds  of  the  absence  of  an  ice-sheet  from  the  area 
when  these  beds  were  deposited,  and  its  formation  under 
conditions  similar  to  those  which  at  present  exist  in  Barentz 
Sea." 

In  the  subsequent  discussion  Mr.  Trevor  Battye,  who 
knows  the  place  well,  urged  two  facts.  The  first  one  related 
to  the  recent  elevation  of  the  island  shown  by  the  absence 
from  it  of  the  Arctic  hare  and  the  lemming,  and  secondly 
by  the  absence  of  Saxifraga  oppositifoliaf  Mertensia  mariiima, 
animals  and  plants  of  wide  Arctic  distribution,  and  further 
by  the  absence  of  Ledum  palustre,  a  striking  feature  of  the 
opposite  mainland.  He,  on  the  other  hand,  remarked  ''  that 
the  absence  of  any  continuity  of  rock  in  situ,  the  astonishing 
variety  of  ice-scratched  erratics,  the  composition  and  relations 
of  sand  and  clay,  the  indefinite  line  of  strata  between  them, 
the  presence  of  immense  isolated  spherical  or  striated  boulders, 
and  the  presence  of  moUusca,  showed  that  all  these  had  been 
dropped  from  floating  ice,  and  that  the  symmetrical  conical 
shape  of  the  isolated  hills  in  the  island  were  due  to  later 
erosion  by  the  sea.** 

Dr.  C.  H.  Hinde  considered  that  the  distinctly  striated 
boulders  brought  by  the  author  indicated  that  the  clays  in 
which  they  were  embedded  were  of  the  nature  of  a  genuine 
boulder  clay  formed  beneath  a  glacier.  The  Rev.  E.  Hill 
said  that  the  East  Anglian  clays  in  area  and  thickness  are 
comparable  to  those  of  Kolguef,  their  stones  are  scratched 
just  as  those  shown. 

Colonel  Fielden  in  reply  said  he  could  assure  the  Fellows 
that  the  Kolguef  beds  are  as  certainly  sedimentary  beds  as 
the  Thanet  sands  or  the  thalassic  ooze  of  Barbadoes. 

Lastly  Prof.  Bonney  disputed  the  statement  that  the  ice- 
scratched  stones  from  Kolguef  resembled  those  of  moraines, 
and  said  ''it  was  an  assumption  that  the  glacial  beds  of  East 
Anglia  were'  the  product  of  land -ice.  It  was  not  yet  proved 
that  shell-bearing  beds  were,  or  could  be,  produced  by  land- 
ice,  and  we  ought  to  explain  British  deposits  by  those  of 


The  Boulder  Clay  an  Aqueous  Deposit,       307 

Arctic  regions,  rather  than  to  follow  the  reverse  process," 
(QvLcvri.  Joum.  Geol.  Soc,  lii.,  pp.  52-66),  with  all  which  I 
cordially  agree. 

In  another  paper  on  the  glacial  geology  of  Arctic  Europe  and 
its  islands  (part  ii.)  Colonel  Fielden,  speaking  of  a  section  of 
the  boulder  clay  in  Tromsodal  opposite  Tromso,  twenty  feet 
thick,  says :  *'  From  base  to  summit  it  is  a  homogeneous 
mass  of  blue  clay,  with  boulders  and  stones  interspersed 
throughout.  There  is  not  a  trace  of  bedding  throughout  the 
mass.  I  considered  this  deposit  to  be  a  typical  example  of 
boulder  clay  formed  under  water ;  it  contained  ice-scratched 
stones,  and  examples  of  Cyprina  islandica  and  Pecten  islandiciis, 
partially  retaining  their  colour,  are  common,  likewise  stones 
to  which  the  bases  of  Balanus  are  attached."  Speaking  of 
the  islands  of  Kostin  Schar,  off  the  coast  of  Novaya  Zemblaya, 
Fielden  says:  **  All  of  these  islands  which  I  was  enabled  to 
visit  have  deposits  of  boulder  clay  lying  in  their  undulations 
and  hollows.  I  met  with  sections  showing  a  depth  of  twenty 
feet ;  the  clay  is  of  the  same  colour  as  the  rocks  upon  which 
it  rests,  and  the  included  stones  are  angular  fragments  of  the 
same  rock.  I  did  not  detect  an  erratic,  or  a  rounded  stone, 
or  an  ice-scratched  stone  in  any  of  this  boulder  clay.  In 
many  places  it  is  full  of  shells  of  marine  mollusca,  Saxicava 
arctica  predominating,  though  I  found  other  species  common 
enough.  In  some  localities  one  might  gather  these  shells  by 
the  bushel,  few  of  them  broken,  never  triturated,  and  in  some 
cases  the  two  valves  are  in  contact. 

**  This  description  holds  good  also  of  the  part  of  Gooseland 
that  I  visited,  the  abraded  ridges,  the  deposits  of  boulder  clay 
in  the  troughs,  and  the  presence  of  shells  of  mollusca,  all 
being  characteristic  features.  As  I  have  expressed  a  very 
decided  opinion  that  no  ice-sheet  has  ever  extended  over  this 
part  of  Novaya  Zemblaya,  I  may  be  asked  to  account  for  the 
presence  of  these  widespread  deposits  of  boulder  clay  with 
the  assemblage  of  the  remains  of  marine  mollusca  in  them. 
I  venture  to  urge  the  view  that  the  wearing  down  of  Goose- 
land  and  the  islands  in  Eostin  Schar,  and  the  deposition  of 
the  boulder  clay,  are  entirely  due  to  the  action  of  floating 
ice."  Speaking  again  of  one  of  the  water-courses  in  Spitz- 
bergen,  the  same  writer  says :    **  We  find  sections  of  mud 
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and  clay  rising  like  walls  on  either  side  to  a  height  of  from 
fifty  to  sixty  feet.  These  beds  contain  numerous  stones,  but 
neither  they  nor  the  stones  themselves  show  any  signs  of 
stratification  ;  in  them  I  found  shells  of  Mya  truncata,  but  in 
no  great  quantity.  That  these  beds  are  of  sub-marine  forma- 
tion is  confirmed  by  the  existence  of  raised  beaches  in  the 
neighbouring  fiords  and  along  the  adjacent  line  of  coast  at  a 
higher  elevation  than  the  beds  which  I  am  describing.  .  .  . 
When  lifting  the  ship's  anchor  from  the  front  of  some  of 
the  glaciers  in  North-west  Greenland,  I  have  seen  it  come 
up  with  many  pounds  weight  of  unctuous  mud  intermixed 
with  sea  shells  adhering  to  the  flukes.  It  is  therefore  quite 
evident  that  water  issuing  from  under  a  glacier  in  the  Polar 
regions,  and  discharging  from  the  ice  into  the  sea,  can  lay 
down  glacio-marine  beds  in  the  ocean,  and  that  the  occurrence 
of  ice-scratched  stones  throughout  these  beds  can  be  accounted 
for  "  (Quart.  Journ.  Oeol,  Soc,  lii.,  p.  722,  etc.). 

This  evidence  will  suffice  to  show  that  while  nowhere,  bo 
far  as  we  know,  is  anything  like  boulder  clay  being  directly 
formed  underneath  hving  glaciers,nor  even  under  such  glorified 
glaciers  as  we  find  in  Greenland,  a  subaqueous  deposit  re- 
sembling boulder  clay  in  every  respect  is  being  formed  in  high 
latitudes  in  many  districts,  thus  pointing  the  moral  we  are 
preaching  very  directly. 

Let  us  proceed  somewhat  farther,  however. 

Mr.  James  Geikie  generally  uses  the  terms  till  and  boulder 
clay  as  synonyms,  and  appeals  to  both  as  forms  of  a  ground 
moraine.  Mr.  Carvell  Lewis,  who  has  written  at  great  length 
on  the  same  side,  has  made  a  clear  and  definite  distinction 
between  what  he  calls  till,  i.e.,  dirty  clays  or  clays  mixed  with 
sand,  etc.,  and  clean  clays,  those  which  have  been  sorted  from 
the  sand  or,  at  all  events,  exist  now  separately.  He  allows 
to  the  former  alone  the  character  of  a  true  till  or  land-ice 
deposit,  while  he  unhesitatingly  assigns  the  latter  deposit  to 
water. 

Thus,  speaking  of  the  extremely  tough  bluish-grey  clay  at 
Bally  gory  (Rosslare  Harbour),  he  says :  **  Like  other  *  tough 
clay '  in  Middle  England  it  is  very  different  from  the  stony, 
sandy,  dirty,  heterogeneous  dumpheads  of  drift  formed  by  a 
land  glacier,  and  to  which  alone  I  am  accustomed  to  give  the 
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name  of  till.  Most  boulder  clays,  properly  so  called,  are  of 
aqueous  origin  formed  in  water.  .  .  .  The  laminated  boulder 
clays  of  Scotland  must  be  of  similar  origin,  also  the  clays 
south  of  Lake  Erie  and  the  lower  boulder  clay  of  Lanca- 
shire" (Glacial  GeoL  of  Great  Britain,  p.  158,  note).  *'The 
upper  and  lower  boulder  clay  of  Lancashire  in  the  lowlands 
is  also  a  marine  deposit ''  {ibid.,  p.  159). 

Another  conclusion  may  be  gathered  from  the  sand  grains 
contained  in  the  till. 

''  Most  of  the  glacial  beds  that  I  have  seen,"  says  Mellard 
Beade,  "bear  the  marks  of  disturbance  by  the  tides,  in  the 
form  of  current  bedding,  especially  the  sands.  The  sands  are 
intercalated  in  the  clays,  and  it  is  difficult  to  separate  the  one 
from  the  other.  The  boulder  clays,  according  to  my  inter- 
pretation, bear  the  marks  of  current  action  also  in  the  small- 
uess  and  rounded  nature  of  the  shell  fragments,  the  roundness 
of  the  grains  of  sand  and  their  high  poUsh,  and  the  manner 
in  which  sand  beds  occur  therein.  The  proportion  of  sand  to 
clay  is  generally  very  considerable,  the  small  gravel  is  often 
also  highly  polished  and  rounded.  Numerous  examinatioHs 
of  low  level  boulder  clays  by  washing,  sifting  and  separation 
of  the  grains,  impress  me  very  strongly  with  the  enormous 
wear  which  every  constituent  particle  of  the  boulder  clay  has 
undergone,  something  totally  different  to  what  is  seen  in  sand 
washed  out  of  a  living  glacier,  which  is  uniformly  angular." 

In  all  this  most  students  of  physics  must  surely  agree.  If 
we  are  to  correlate  till  in  any  way  with  the  only  products  of 
land-ice  which  we  can  examine,  namely,  moraines,  we  can  only 
apply  the  term  in  the  first  place  to  deposits  which  are  un- 
stratified,  and,  secondly,  to  those  which  are  quite  heterogeneotts 
and  unsorted.  Stratification  and  sorting  can  only  be  the 
result  of  the  action  of  water. 

While  it  is  quite  possible  to  explain  the  existence  of  great 
masses  of  unstratified  boulder  clay  as  the  result  of  very  rapid 
deposition  by  water,  as  we  shall  show  later  on,  there  is  no 
way  in  which  we  can  understand  a  stratified  deposit  being 
laid  down  by  a  hard  substance  hke  ice,  which  could  not  ar- 
range its  subjacent  beds  in  laminae  but  only  as  a  crushed  and 
heterogeneous  mass.  Prof.  Geikie  seems  to  have  changed 
his  view  in  regard  to  the  existence  of  stratified  till  in  the 
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very  arcana  of  glaciation  in  Scotland.  In  the  second  edition 
of  his  Great  Ice  Age  he  says  of  the  Scotch  till :  **  The  clay 
does  not  arrange  itself  in  layers  or  beds,  but  is  distinctly  un- 
stratified.  We  cannot  dig  it  with  greater  ease  in  any  one 
direction.  It  shows  no  lines  of  division,  but  is  a  homogeneous 
mass  from  top  to  bottom.  .  .  .  Several  little  nests  of  sand 
are  scattered  here  and  there  through  the  body  of  the  clay, 
which,  despite  tbe  presence  of  these  and  the  gravel  and  layer 
of  boulders,  is  a  perfectly  unstratified  and  amorphous  mass 
of  clay  and  angular  stones  scratched  and  polished.  .  .  .  This 
is  the  invariable  character  of  the  till  or  boulder  clay  '*  (op.  dt.^ 
pp.  18,  19).   . 

In  the  third  edition  of  the  same  work  this  paragraph  has 
been  cut  out,  and  we  are  told  that  ''although  the  till  of 
Scotland  is  a  tumultuous  and  amorphous  mass,  yet  it  is  not 
entirely  devoid  of  structure.  When  we  view  a  good  section 
of  it  at  some  little  distance  we  may  occasionally  notice  a 
kind  of  stratification,  the  stones  appearing  to  show  a  rude 
arrangement  in  roughly  parallel  lines,  which  are  sometimes 
horizontal,  but  more  frequently  oblique,  diagonal  or  curved 
and  even  involved.  .  .  .  Now  and  again  we  may  detect 
similarly  arranged  layers  of  less  stony  clay,  alternating  with 
bands  more  abundantly  crowded  with  stones  and  boulders. 
The  several  layers  are  not  sharply  differentiated;  there  is 
usually  a  more  or  less  gradual  passage  from  the  one  into  the 
other,  while  not  unfrequently  individual  boulders  project 
from  an  underlying  into  an  overlying  layer.  Occasionally 
this  rude  bedding  is  marked  by  difference  of  colour  and 
sometimes  by  distinct  lines  of  stones  and  boulders.  ...  A 
closer  inspection  of  the  till  sometimes  reveals  the  presence  of 
a  kind  of  lamination,  the  clay  being  arranged  in  very  thin, 
undulating  layers,  which  are  often  puckered  and  even  con- 
torted, reminding  one  somewhat  of  the  foliated  structure  of  a 
gnarled  gneiss  or  mica  schist  **  (pp.  cit.,  pp.  14,  15). 

Again  we  read  in  the  same  third  edition :  **  Till  is  not 
wholly  devoid  of  structure.  Sometimes  a  rude  stratification 
appears,  marked  by  lines  or  layers  of  boulders,  etc.,  by 
alternations  of  very  stony  with  less  stony  layers  of  clay,  by  a 
kind  of  lamination,  by  the  local  arrangement  of  the  stones, 
etc.,  in  the  hne  of  their  longer  axis,  and  by  the  occurrence 
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of  striated  pavements.  The  '  stratification '  is  sometimes 
horizontal,  but  more  usually  diagonal,  and  often  curved  and 
even  contorted.  Nests  and  irregular  patches  and  lenticular 
layers,  and  thick  beds  of  water-arranged  materials,  are  not 
infrequently  enclosed  in  till"  (iWti.,  pp.  23,  24). 

These  descriptions  are  assuredly  quite  inconsistent  with 
any  theory  by  which  the  Scotch  till  has  been  laid  down  by 
ice  whose  solid  foot  would  pound  into  slush  all  laminae  and 
traces  of  stratification.  But  Mr.  Geikie  is  not  daunted. 
Not  only  does  he  reconcile  himself  to  explaining  the  Scotch 
till  with  its  more  obscure  traces  of  lamination  with  the  spoor 
of  the  ice  monster,  but  he  gaily  invokes  it  to  explain  the 
much  more  distinctly  laminated  beds  of  England,  and,  in 
fact,  he  is  more  or  less  bound  to  take  this  hne,  for  as  we 
shall  show  in  a  later  page  the  heterogeneous  beds  pass  very 
frequently  indeed  into  those  that  are  stratified  and  laminated. 
I  will  here  quote  a  single  graphic  instance  from  the  other 
side  of  the  Atlantic : — 

Mr.  E.  S.  Salisbury  says:  ** Broadly  speaking,  the  drift 
falls  into  two  great  classes:  (1)  The  stratified  or  assorted 
drift,  and  (2)  the  unstratified  or  unassorted  drift.  .  .  .  These 
two  general  classes  of  drift  are  so  intimately  related  to  one 
another  that  it  is  sometimes  very  difficult  to  draw  lines  of  de- 
finition between  them.  It  frequently  happens  that  the  one 
lies  upon  the  other,  and  not  rarely  they  alternate  with  each 
other  several  times  between  the  surface  and  the  bottom  of  the 
drift ;  .  .  .  any  form  of  drift  may  grade  into  others ;  .  .  . 
it  is  often  extremely  difficult  to  make  sharp  distinctions 
between  them  in  the  field ;  ...  it  often  becomes  a  matter  of 
extreme  difficulty  to  draw  a  line,  separating  till  on  the  one 
hand  from  stratified  sand  and  gravel  on  the  other ;  often  no 
such  line  can  be  drawn  without  doing  violence  to  the 
parts.  .  .  .  The  stratified  drift  may  overlie  the  unstratified 
or  vice  versa  to  any  depth.  One  foot  of  stratified  sand  may 
overhe  many  feet  of  till,  or  the  reverse  may  be  the  case.  .  .  . 
The  thickness  of  the  surface  layer  in  such  cases  is  often  very 
variable;  .  .  .  the  thickening  and  thinning  follows  no  law" 
{Amer.  Bep,  State  Geol,  of  New  Jersey  for  1891,  p.  101,  etc.). 

Speaking  of  the  purple  clays  between  Bridlington  and  Filey, 
Mr.  Carter  says  :  ''At  intervals  instances  of  rough  stratifica- 
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tion  are  seen  in  these  clay  deposits,  at  one  point  there  being  a 
considerable  mass  of  well-laminated  muds  "  (»Wi.,  p.  422). 

Mr.  E.  M.  Deeley  says :  "  The  most  chalky  boulder  clay  is 
generally  a  true  ground  moraine,  but  in  some  places,  such 
as  Chellaston,  Melton  Mowbray,  Market  Bosworth,  Abbots 
Bromley,  etc.,  it  presents  indubitable  signs  of  aqueous  action  '* 
(Pleistocene  Succession  in  the  Trent  Basin,  Quart  Joum,  Geol, 
Soc„  1886,  p.  455). 

It  was  perhaps  this  versatility  in  the  beds  which  led  to 
Mr.  Geikie  importing  his  land-ice .  monster  to  explain  the 
contorted  drift  of  England.  Here,  again,  he  apparently 
changed  hie  views  between  his  second  and  third  edition. 
He  has  at  all  events  changed  his  text.  In  the  former  edition 
he  tells  us  that  the  Cromer  till  differs  considerably  from  the 
Scotch  till,  that  it  is  not  infrequently  laminated  and  includes 
much  fewer  stones,  which  are,  for  the  most  part,  rounded 
and  small.  "  Towards  the  top,"  he  says,  **  the  clay  becomes 
distinctly  bedded,  and  seems  then  to  interosculate  with,  and 
to  shade  up  into,  the  overlying  contorted  drift;  at  other 
times,  however,  the  line  of  separation  between  the  two 
deposits  is  sharply  defined  ;  lower  down  the  traces  of  bedding 
become  indistinct."  Of  the  contorted  drift  he  says:  "The 
whole  series  is  laminated  and  well  bedded,  save  here  and 
there  where  the  brick-earth  seems  to  be  amorphous.  The 
drift  displays  wonderful  contorted  bedding,  the  contortions 
often  affecting  the  whole  thickness  of  the  deposit,  and  even 
disturbing  the  underljring  boulder  clay." 

In  his  third  edition  Mr.  Geikie  tells  us  that  while  formerly 
holding  the  contorted  drift  to  have  been  caused  by  icebergs,  he 
has  been  converted  by  Mr.  Clement  Reid  to  the  view  that  it 
had  been  caused  by  the  pressure  of  an  ice-sheet,  of  which  he 
considered  the  underlying  till  as  the  ground  moraine  of  an  ice- 
sheet,  and  he  quotes  approvingly  Mr.  Beid's  statement  that 
the  strike  of  the  larger  folds  in  the  contorted  drift  on  the  coast 
points  to  A  force  acting  from  the  north-east  (p.  339).  It  is 
literally  astounding  that  any  one  who  has  seen  the  curves 
in  which  the  beds  in  question  are  arranged  should  attribute 
their  formation  to  the  action  of  great  unyielding  masses  of 
ice.  Mr.  Geikie  goes  farther  and  says  more  explicitly  that 
the  traces  of  lamination  shown  by  the  drift  of  East  Anglia 
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have  nothing  to  do  with  aqaeous  sedimentation,  and  are  the 
result  of  shearing  and  fluidal  movement  under  compression ! !  I 
{IbH,,  p.  340.) 

This  extraordinary  notion  is  propounded  to  explain  the 
phenomena  so  familiar  to  us  in  the  cliflfs  on  the  Norfolk  coast, 
and  on  that  of  the  Danish  island  of  Moen,  etc.,  where,  so 
far  as  we  know,  the  same  beds  which  are  elsewhere  horizontal 
and  regular  "  suddenly  and  locally  become  twisted  and  con- 
torted about  in  the  most  extraordinary  fashion  ". 

Let  us  now  examine  these  contorted  beds  more  narrowly. 
They  are  widely  distributed  and  Darwin  gives  a  drawing 
of  some  layers  of  mud  inclined  at  an  angle  of  65''  and  forming 
a  regular  saddle  at  Gregory  Bay  in  the  east  part  of  the  Straits 
of  Magellan.  Many  of  the  layers  there  lose  themselves  in  the 
sands  in  the  most  curious  convolutions.  Another  bed  is  bent 
back  on  itself.  The  subordinate  layers  within  this  bed  are 
themselves  puckered  up  into  a  series  of  urn-shaped  curves 
(G«o/.  Trans,,  2nd  series,  vi.,  pp.  417-423). 

Lyell  says  of  those  in  Norfolk :  "In  no  portion  of  Great 
Britain  are  there  evidences  of  more  comphcated  disturbances 
of  a  modern  date  than  in  the  mud  cliffs  of  Norfolk,  or  dis- 
turbances more  difficult  to  explain.  In  many  parts  of  the 
chflfs  the  beds  are  twisted  and  contorted  into  every  possible 
curvature,  and  the  replications  are  in  some  instances  so 
numerous  that  a  bed  may  be  intersected  three  times  in  the 
same  vertical  well  or  boring.  Occasionally  the  beds  are 
vertical,  sometimes  they  present  concentric  crusts  enveloping 
a  nucleus  of  sand,  gravel  or  chalk,  occasionally  more  than 
twenty  feet  in  diameter."  In  one  instance  a  nucleus  of  blue 
clay  was  successively  surrounded  by  layers  of  white  sand, 
yellow  sand,  striped  loam  and  clay,  laminated  blue  clay,  and 
in  another  case  he  counted  thirty  distinct  strata  enveloping 
a  nucleus  of  sand.  **  These  strange  bendings,  twistings  and 
other  irregularities  are  not  continuous  though  characteristic 
of  the  greater  portion  of  the  cliffs,  but  are  in  some  cases 
limited  to  a  small  area,  both  in  vertical  height  and  lateral 
extension.  Occasionally  they  range  from  the  top  to  the 
bottom  of  the  cliff,  but  not  infrequently  beds  thus  disturbed 
rest  upon  others  perfectly  horizontal."  Lyell  attributes 
these  phenomena  hesitatingly  to  ice,  but  is  evidently  much 
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puzzled  {jibid.y  pp.  171-179).     Later  champions  of  ice  have 
not  been  bo  modest. 

The  ice  monster,  whose  tread  in  many  places  was  hypo- 
thetically  so  gentle  that  it  must  have  passed  over  hundreds  of 
square  miles  of  soft  beds  without  denuding  or  displacing  them, 
is  thus  supposed  to  have  suddenly  concentrated  its  vigour  upon 
a  small  strip  of  coast  in  Norfolk,  and  another  small  strip  in 
Denmark,  leaving  the  surrounding  districts  unaffected.  Not 
only  BO,  but  it  went  so  far  in  these  instances  as  to  crumple  up 
and  tear  asunder  the  solid  beds  of  chalk  below,  and  even  to  do 
this  when  they  were  protected  from  its  immediate  action  by 
deep  cushions  of  soft  sand  and  clay  !  I !  Where  is  there  any 
empirical  evidence  in  the  work  of  modern  glaciers  which  would 
justify  us  in  supposing  that  ice,  even  when  moving  over  sohd 
rocks  with  slow,  uniform  pressure,  will  crumple  and  tear  and 
distort  them  in  this  way?  How,  again,  would  it  be  possible 
for  an  ice-sheet  to  contort  beds  into  the  sinuous  and  re- 
entering curves,  the  huge  twisted  S-shaped  swirls  that  the 
laminae  and  strifle  adopt  in  the  Norfolk  cliffs?  How  is  it  phy- 
sically possible  that  a  solid  mass  of  ice  moving  and  pressing  in 
a  uniform  direction  could  perform  these  dynamical  evolutions? 
Surely  the  thing  has  only  to  be  mentioned  to  refute  itself.  If 
we  turn  from  an  ice-sheet  to  icebergs,  are  we  any  better  off? 
Icebergs  presuppose  a  general  continued  submergence,  of 
which,  as  we  have  so  often  said,  we  have  no  adequate  traces. 
Icebergs  anchored  and  only  partially  buoyed  up  by  the  water 
no  doubt  scrape  the  bottom  and  score  it  considerably  when 
moved  or  rocked  by  the  wind  or  the  tide,  but  where  have  we 
any  evidence  that  they  can  smash  up  and  twist  solid  strata 
in  the  way  the  chalk  has  been  smashed  and  twisted  here  ?  How 
could  they  do  it  with  a  thick  buffer  of  sand  and  clay  between, 
and  whJt  iceberg,  as  has  been  asked  elsewhere,  could  create 
contortions  in  200  feet  of  strata  ?  If  they  could,  why  should 
they  not  have  done  it  over  the  much  more  highly  glaciated 
regions  farther  north,  and  have  reserved  themselves  for  these 
limited  areas  ?  How  could  icebergs  arrange  sands  in  beautiful 
curves  and  twists?  If  they  pounded  the  beds  they  would 
churn  them  into  homogeneous  mud  and  not  leave  these  delicate 
contortions.  How,  again,  can  we  understand  either  icebergs 
or  an  ice-sheet,  or  any  more  or  less  solid  mass  acting  from 
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above,  twisting  and  curling  the  drift  and  leaving  the  soft  beds 
below  ranged  in  beautiful  horizontal  fashion  and  undisturbed 
save  at  certain  points  ?  West  of  Cromer  they  can  be  followed 
for  miles  lying  like  interlaced  snakes  upon  perfectly  undis- 
turbed laminated  beds.  This  was  repeatedly  pointed  out  to 
me  by  Mr.  Blake,  and  it  is  surely  a  very  remarkable  fact,  and 
one  which,  as  he,  a  great  authority  on  these  East  Anglian 
beds,  said  to  me  emphatically,  seemed  inconsistent  with  any 
pounding  action  from  above. 

There  is  again  the  theory  of  the  Rev.  O.  Fisher  that  the 
contortions  which  go  down  to  the  solid  strata  below  are  due 
to  crushing  caused  by  the  piling  up  of  great  masses  of  material 
on  certain  portions  while  neighbouring  places  are  clear  from 
it.  In  regard  to  this  modification  of  the  iceberg  theory,  Mr. 
Beid's  objection  seems  fatal.  He  says:  ''This  cause  seems 
inadequate  to  the  formation  of  contortions  on  so  large  a  scale. 
It  is  doubtful  whether  anything  less  than  a  mountain  piled  on 
the  surface  at  Trimingham  would  be  sufficient  for  the  contor- 
tion of  200  feet  of  underlying  strata ;  and  even  that  would 
scarcely  account  for  the  inversion  of  the  chalk."  In  addition 
to  this,  why  should  such  an  effect  from  such  a  cause  be  so  local,, 
and  why,  over  large  spaces,  should  the  contortions  go  down  to 
the  base  of  the  contorted  drift  and  then  completely  cease,  and 
the  soft  laminated  clays  and  sand  beds  below  be  undisturbed  ? 
Lastly,  it  has  been  suggested  that  as  in  Siberia  the  ground  here 
was  once  hard  frozen,  and  that  layers  or  masses  of  ice  were 
intercalated  with  beds  of  sand  and  clay,  and  that  the  thawing 
of  these  masses  of  ice  caused  subsidences,  etc.,  which  in 
turn  produced  the  contortions.  This  view  is  equally  with  the 
others  astounding  to  ingenuous  students  uncommitted  to  the 
official  view  of  the  Olympians.  How  could  the  melting  of 
pockets  and  strata  of  ice  smash  and  crumple  up  the  chalk  be- 
neath? How,  by  such  a  method,  could  the  sand  and  gravel 
be  twisted  into  the  shape  of  a  great  letter  S  standing  upright, 
and  into  a  second  S  close  by  standing  obliquely,  and  into  the 
various  snake-like  contortions  we  find  in  these  cliffs? 

Again,  how  is  it  possible  for  any  one  who  has  with  any  care 
examined  the  convolutions  and  twists  to  believe  that  they  are 
the  remains  of  once  continuous  horizontal  layers  (as  seems  to  be 
the  view  of  some),  and  that  the  curves  and  twists  were  super- 


3i6  Ice  or  Water, 

imposed  upon  these  layers  by  subsequent  disturbance  ?  Very 
many  of  the  figures  are  absolutely  detached  and  as  substantive 
and  independent  as  so  many  letters  drawn  on  a  blackboard. 
There  is  no  question  of  piecing  together  broken  links.  They 
form  no  links  whatever  of  any  chain,  while  in  the  case  of 
some  of  the  elaborately  convoluted  ribbons,  if  they  were 
stretched  out  there  would  not  be  room  to  hold  them  in  the 
fipace  at  our  command.  We  must  also  remember  that  we  get 
these  curves  and  twists  whether  we  view  the  beds  as  dis- 
played on  the  face  of  the  cliffs  or  in  sections  cut  at  right 
angles  to  them,  as  Mr.  Mellard  Beade  has  shown,  v^hich 
again  militates  completely  against  their  being  the  results  of 
lateral  pressure  caused  by  the  impinging  of  any  solid  mass, 
iceberg  or  otherwise.  Let  us,  however,  turn  from  the  school 
of  glaciaUsts  which  never  seems  to  verify  the  possibility  of  its 
premises,  to  a  glacialist  who,  in  this  instance,  is  more  consis- 
tent. What  does  Mr.  Carvell  Lewis,  a  great  glacial  champion, 
say  of  these  beds?  "I  examined,"  he  says,  "the  clififs  from 
Sidestrand  to  Runton,  six  miles  in  length,  but  found  no  till 
and  no  evidence  whatever  of  glaciation ;  "  and  again,  **I  am 
astonished  at  the  many  statements  and  numerous  papers  con- 
cerning the  Cromer  till,  which  has  no  resemblance  to  till  at 
all.  .  .  .  There  is  no  evidence  of  glaciation.  The  contor- 
tions were  probably  made  at  the  time  of  the  elevation  of  the 
coast "  (op.  cit.,  p.  339).  Again  he  says :  **  It  is  a  mistake  to 
<5all  any  part  of  the  contorted  beds  at  Cromer  Cromer  till,  as 
there  is  no  true  till  there  "  iibid.^  p.  60).  The  same  view  has, 
I  believe,  been  strenuously  maintained  by  my  acute  friend, 
Prof.  Gregory. 

Let  us  now  turn  from  the  contortions  and  laminations  to 
another  widespread  feature  of  the  southern  drifts,  namely, 
the  fact  that  they  are  in  so  very  many  cases  separated  into 
-clays  on  the  one  hand  and  sands  and  gravels  on  the  other. 
Surely  this  sifting  is  absolutely  inconsistent  with  the  work  of 
an  ice  foot  which  makes  heterogeneous  slush  and  muck  and 
<;annot  sift  clays  from  sands. 

The  fact  of  the  separation  of  the  clays  and  the  sands  into 
distinct  beds  almost  everywhere  seems  to  me  to  remove  them 
entirely  from  all  kinds  of  sub-glacial  deposits.  If  a  glacier  is 
working  over  a  bed  of  clay  slate  it  will,  no  doubt,  when  it 
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erodes  it,  manufacture  a  deposit  of  clay;  if  it  is  similarly 
working  over  and  eroding  a  bed  of  sandstone  it  will  probably 
make  a  bed  of  sand,  and  if  its  bed  be  composed  of  both  kinds 
of  rock  the  product  of  the  two  will  be  mixed  into  a  jumble^ 
into  what  Americans  call  ''muck/'  such  as  we  see  in  the 
moraine  mounds  of  the  Alps.  The  clay  and  the  sand  will  be 
mingled  together. 

By  what  possible  process  a  mass  of  ice  could  separate  the 
two  ingredients  when  mixed  into  beds  of  clay  and  sand 
respectively  is  quite  unknown  to  me.  How,  again,  if  the 
ice  were  moving  over  the  same  ground  it  could  deposit  at 
one  time  clean  clay  and  at  another  clean  sand  seems  quite 
incomprehensible.  Such  sifting  can  only  have  been  the 
handiwork  of  water  (see  Glacial  Nightmare,  pp.  782,  783). 

If  it  was  water  that  sifted  the  ingredients  in  question,  then 
the  clay  no  less  than  the  sand  is  a  water  deposit,  and  if  so, 
what  comes  of  all  the  arguments  in  favour  of  boulder  clay 
being  a  moraine  profonde  in  situ  9  If  both  were  deposited  and 
sifted  by  water,  it  seems  past  all  belief  to  appeal  to  sub- 
glacial  streams,  which  could  only  wash  the  contents  of  their 
channels  and  not  the  whole  mass  postulated  as  underlying 
the  ice-sheet,  and  even  if  this  difficulty  were  removed  and 
the  sifting  of  the  materials  were  accomplished,  how  could 
streams  proceeding  from  the  same  ice-sheets  lay  down  at  one 
time  sand  and  at  another  clay  ?  The  reasonable  explanation 
of  such  deposits  as  we  find  in  the  drift  is,  that  both  the 
clays  and  sands  had  already  been  made  and  sifted  in  former 
ages,  and  that  they  were  taken  up  by  vast  masses  of  water, 
coming  at  one  time  from  one  direction  and  at  another  from 
another,  during  a  period  of  abnormal  terrestrial  dislocation^ 
and  carrying  away  the  beds  they  encountered,  at  one  time 
clay  and  at  another  sand,  just  as  we  find  the  shifting  tide 
laying  down  successive  beds  of  gravel,  sand  and  clay. 

The  existence  of  the  sifted  beds  has  not  apparently  em- 
barrassed the  foster-fathers  of  the  glacial  theory.  They  have 
gaily  passed  it  over  in  regard  to  the  clays,  while  appealing  to 
water  as  the  agent  which  has  laid  down  the  sands.  It  has 
not  occurred  to  them  that  the  existence  of  these  beds  of  clay, 
which  have  been  washed  clean  of  sand,  is  as  much  an  evidence 
of  their  having  been  laid  down  by  water  as  is  that  of  the  sands 
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with  their  laminations  and  cross  bedding.  The  glacialists 
have,  nevertheless,  invented  a  quite  arbitrary  separation  of 
the  two  sets  of  beds,  and  treated  the  clays  as  the  products  of 
land-ice  and  the  sands  as  aqueous.  The  only  product  of 
land-ice  we  know  in  nature  is  neither  sifted  clay  nor  sand, 
but  heterogeneous* "  muck  ". 

The  fact  that  these  intervening  sands  are  almost  invariably 
laminated  and  stratified  and  cross-bedded  makes,  in  fact, 
the  conclusion  that  they  are  subaqueous  inevitable,  and  the 
glacialists  have  accordingly  had  to  account  for  a  water 
deposit  in  an  age  of  omnipresent  ice  when  the  clays  are  sup- 
posed to  have  been  laid  down.  Their  escape  from  the  dilemma 
has  necessitated  their  attributing  the  deposition  of  the  sands 
to  one  or  more  interglacial  temperate  periods,  during  which 
the  rapid  melting  of  the  ice  is  supposed  to  have  caused 
extraordinary  floods.  One  of  these  periods  has  been  named  the 
Champlain  Period  in  America,  while  the  sands  have  generally 
been  known  in  England  as  the  Middle  Sands  or  the  Inter- 
glacial Sands.  I  have  already  shown  that  the  organic 
contents  of  these  sands  give  no  countenance  to  the  notion  of 
such  interglacial  mild  periods,  the  moUusca  in  the  sands 
showing,  if  anything,  rather  a  colder  than  a  warmer  facies 
than  the  moUusca  in  the  clays.  I  will  only  now  quote  one 
additional  case.  Mr.  J.  Marr  urges  that  all  the  three  supposed 
divisions  of  the  glacial  beds  contain  shells  of  precisely  the 
same  kinds.  The  shells  from  Moel  Tryfaen  are  more  Arctic 
than  those  of  the  Severn  valley  drifts.  He  had  found  a 
number  of  fragments  of  similar  shells  to  those  of  the  Arctic 
drift  of  the  Severn  valley  in  an  outcrop  of  clean  gravel 
overlain  by  sixty  feet  of  boulder  clay,  between  Coddenham 
and  Crowfield  in  Suffolk  (GeoL  Mag,^  i.,  p.  295). 

This  shows  that  the  evidence  of  the  shells  in  no  way  sup- 
ports the  theory  of  interglacial  mild  climates.  There  is  just  as 
great  a  difficulty  in  assigning  the  intercalated  sands  and  gravels 
themselves  apart  from  their  organic  contents  to  intermittent 
mild  conditions.  In  the  first  place  we  have  the  difficulty  in 
many  cases  of  separating  the  sands  from  the  clays  except  by 
the  accidental  fact  of  their  being  composed  of  silicious  or 
aluminous  materials.  Thus,  to  quote  some  sound  authori- 
ties, Mr.  Judd  in  his  Geology  of  Butland  says:     ''Although 
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«ome  geologists  have  attempted  to  show  that  the  great 
glacial  formations  composed  of  clay  and  sand  or  gravel 
respectively  belong  to  perfectly  distinct  periods  and  mark 
different  climatal  and  physical  conditions  in  the  middle 
districts  of  England,  and  even  entire  changes  in  the  disposi- 
tion of  the  land  and  sea  of  the  period ;  yet  nothing  can  be 
clearer  than  that  in  the  area  we  are  more  particularly 
describing  the  beds  of  glacial  clay,  sand  and  gravel  replace 
one  another  in  the  most  capricious  manner,  and  are  evidently 
dependent  on  the  action  of  causes  of  extremely  local  charac- 
ter "  {iUA,.,  p.  247). 

Speaking  of  some  drift  beds  in  the  Isle  of  Man,  Mr.  Kendall 
says :  '*  It  is  important  in  this  section  that  there  is  an  appear- 
ance of  bedding  in  the  boulder  clay  which  is  roughly  con- 
formable to  that  of  the  gravels.  ..."  The  clays  and  gravels 
present  the  appearance  of  having  been  worked  into  one 
another.  The  sand  and  gravel  series  exhibits  the  greatest  con- 
fusion of  bedding,  but  whether  the  features  should  be  attributed 
to  marine  or  to  stream  action  is  a  question  which  in  the  present 
state  of  our  knowledge  cannot  be  positively  decided  from  the 
appearance  of  the  beds  {Glacial  GeoL  of  Isle  of  Man,  p.  17). 

The  middle  sands  and  gravels,  says  Mr.  M.  Beade,  are 
supposed  by  some  to  represent  "  interglacial  "  and  by  others 
"milder"  conditions,  in  consequence  of  the  stones  being  all 
rounded  and  unglaciated.  '*  If  this  be  the  case,  what  do  the 
sands  and  gravels  of  St.  Bees  represent  ?  They  are  even  a 
more  distinct  deposit,  and  overlie  a  lower  clay  with  an  eroded 
surface ;  but  here  the  conditions  are  reversed,  for  the  sands 
and  gravels  contain  in  places  more  and  larger  blocks  than 
the  lower  boulder  clays  of  Blackpool,  and  they  are  full  of 
contortions  and  evidence  of  violent  action  of  some  sort" 
(Quar.  Joum,  GeoL  Soc,  1883,  pp.  110,  111).  Again  he  says : 
"The  sands  and  gravels  at  St.  Bees,  which  are  in  great  force, 
are  distinguished  by  contorted  bedding,  confused  aggregation 
and  the  great  number  of  included  blocks  and  boulders.  The 
shingle,  gravel  and  sands  are  intruded  or  folded  into  each 
other.  The  underlying  clay  is  peculiarly  free  from  stones. 
If  we  found  geological  subdivisions  on  such  grounds,  what 
are  we  to  do  with  these  beds  ?  No  one  has  ever  suggested  an 
explanation  *'  {ibid.,  p.  171). 
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Messrs.  Wood  and  Harmer  have,  in  an  elaborate  paper^ 
argued  for  a  period  of  great  denudation  between  the  contorted 
drift  and  the  so-called  middle  glacial  beds.  Mr.  Beid  and  Mr. 
Jukes-Browne  have  failed  to  see  any  evidence  of  this  in  the 
section  between  Weybum  and  Hasboro*.  Woodward  says :  "  I 
am  bound  to  add  that  nowhere  in  the  neighbourhood  have  I 
been  able  to  detect  evidence  of  great  denudation  between  the 
middle  glacial  sands  and  the  lower  glacial  brick-earths, 
although  here  and  there  we  find  evidence  of  local  erosion. 
A  consideration  of  all  the  facts  tends  to  show  the  intimate 
connection  between  the  lower  boulder  clay,  contorted  drift 
and  middle  glacial,  as  one  tolerably  continuous  series  of 
deposits.  .  .  .  Mr.  Blake  maintained  the  close  connection 
of  these  deposits  long  before  my  own  opinion  had  become 
settled  "  (Froc,  Norwich  Geol,  Soc,  1878-89,  p.  57,  etc.). 

What  we  have  seen  to  be  the  case  in  this  behalf  in  Europe 
is  equally  the  case  on  the  other  side  of  the  Atlantic.  Speaking' 
of  the  drift  beds  in  the  Bow  Eiver  valley.  Prof.  G.  Dawson 
says :  '*  It  is  here  quite  clear  that  the  boulder  clay  and  silts 
represent  a  single  deposit  which  took  place  under  varying 
conditions,  and  in  which  the  boulder  clay  forms,  broadly 
speaking,  lenticular  masses,  not  persistent  and  not  character- 
istic of  any  particular  horizon,  or  coextensive  with  the  region 
of  deposit.  The  section  as  a  whole,  moreover,  is  that  of  a 
series  of  stratified  deposits,  in  which  evidences  of  tumultuous 
deposit  and  obscure  bedding  occur  only  in  the  case  of  the 
boulder  clay  and  the  underlying  gravels"  {Bidl.  Geol.  Soc, 
Amer.y  vii.,  p.  55). 

All  this  surely  points  very  clearly  to  the  sands  and  clays 
having  been  the  contemporaneous  products  of  varying  phases 
of  one  movement,  and  not  relics  of  successive  periods. 

Again,  we  have  often  a  diflficulty  where  sands  intervene 
between  the  clays  in  finding  any  features  by  which  to 
distinguish  the  clays  above  the  sands  from  those  below  them. 
If  these  clays,  as  they  hypothetically  do,  represent  great 
geological  periods,  separated  by  other  geological  periods,  they 
ought  to  show  some  signs  of  variation.  It  is  almost  incredible 
that  their  features  should  be  so  closely  repeated.  Thus  Mr. 
Geikie,  in  dividing  the  Scotch  till  into  two  horizons,  has  the 
greatest  difficulty,  as  others  have  had,  in  finding  any  feature 
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by  which  to  discriminate  them  except  his  a  priori  premiss, 
and  he  admits  that  it  is  very  difficult  to  distinguish  one  from 
the  other.  Sometimes,  as  he  allows,  the  two  beds  rest  directly 
on  each  other,  and  when  he  separates  them  by  a  division,  it 
is  by  the  presence  of  some  fragment  of  a  fresh- water  bed  of 
gravel,  sand,  clay  and  silt  which  is  intercalated  in  them,  and 
which  he  treats  as  interglaciaL  I  have  in  chapter  xii.  shown 
that  in  all  cases  where  these  drift  beds  contain  organic 
remains,  the  latter  lie  when  in  situ  below  the  drift,  and  that 
when  they  occur  in  it,  it  is  as  boulders  of  greater  or  less  size. 

Mr.  De  Bance  says:  "The  upper  boulder  clay  resembles, 
in  the  whole  of  Lancashire,  from  Ulverston  to  Manchester, 
the  lower  boulder  clay  of  the  southern  part  of  the  low  country 
in  its  physical  character,  chemical  composition,  included 
erratic  fragments,  and  the  species  of  shells  of  moUusca  found 
with  it.  Both  clays  contain  more  silurian  erratics  in  the 
north-west,  and  more  carboniferous  erratics  in  the  south- 
east of  Lancashire ;  both  are  of  a  dull  Indian-red  coloured 
tint,  caused  by  the  presence  of  iron  derived  partly  from  the 
triassic  rocks,  and  partly  from  the  haematite  deposits  of 
Fumess,  in  which  district  the  upper  boulder  clay  has  a  deep, 
almost  lurid  colour"  {Quar.  Jov/m,  GeoL  Soc.f  1870,  p.  641). 

In  the  next  place,  the  advocates  of  an  interglacial  period 
to  account  for  the  sands  are,  as  I  showed  in  my  former 
volumes,  greatly  embarrassed  by  the  fact  that  there  is  no  law» 
no  order  of  any  kind,  regulating  the  succession  of  the  beds, 
sometimes  the  clays  being  intercalated  between  the  sands 
and  sometimes  the  sands  between  the  clays.  In  my  Glacial 
Nightmare  (pp.  314-322,  470-472,  843-863)  I  have  discussed 
at  great  length  the  question  of  interglacial  periods  as  evi- 
denced by  the  intercalation  of  successive  clays  and  sands,  and 
have  collected  the  views  of  some  of  the  most  experienced  of 
the  vraters  on  the  surface  beds,  showing  how  impossible  it 
is  to  arrange  these  drift  beds  in  any  consistent  order,  and  how 
utterly  wanting  in  a  scientific  basis  is  the  theory  of  inter- 
glacial climates  as  evidenced  by  the  sands  and  clays  of  the 
drift.  I  will  now  add  some  other  opinions  of  experienced 
explorers  of  the  drift  beds  on  this  critical  question. 

First,  there  is  no  question  which  ought,  one  would  think, 

to  be  more  easy  to  settle,  and  upon  which  there  is  notwithstand- 
II.  21 
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ing  so  mnch  variation  of  opinion,  as  the  number  of  glacial  and 
interglacial  periods.  Mr.  J.  Geikie  postulates  an  extraordinary 
number  of  such  changes^  which,  as  Mr.  D.  Bell  says,  seem  to 
be  utterly  disconnected  and  at  variance  with  each  other.  Of  this 
Bell  quotes  a  few  instances  as  follows  from  the  Grtat  Ice  Age : — 

**  The  climate  must  certainly  have  become  cold  and  un- 
genial  as  the  depression  continued  "  {op.  ciL,  p.  312).  "  Scot- 
land was  submerged.  .  .  .  The  climate  had  deteriorated  "(i6ui.). 
*'  The  land  gained  on  the  sea  until  the  latter  had  retreated 
considerably  beyond  its  present  hmits.  The  climate  at  the 
same  time  became  more  genial "  (p.  313)  "  Submergence  next 
ensued,  the  climate  at  the  same  time  passing  from  temperate 
to  Arctic  **  (p.  323).  '*  Re-elevation  of  the  land  or  retreat  of 
the  sea,  and  a  gradual  amelioration  of  climate"  (p.  325). 
"  Submergence  once  more  ensued  .  .  .  and  the  climate  at 
the  same  time  became  colder'*  (ibid,). 

Dr.  Geikie*s  latest  **  scheme,"  as  Mr.  Bell  says,  seems  to 
include  at  least  ^t^e  glacial  and/our  interglacial  periods,  accom- 
panied by  submergences  and  re-elevations  to  the  extent  of 
between  500  and  600  feet  (Great  Ice  Age,  pp.  323-325,  421, 
422 ;  Fragments  of  Earth  Lore,  pp.  319-321). 

From  these  and  other  passages  which  might  be  quoted 
it  would  seem  that  the  author  regards  elevation  as  somehow 
productive  of  more  genial  conditions,  and  submergence  as 
associated  with  colder  and  more  severe  conditions  of  climate. 

Mr.  Bell  says  (surely  most  justly)  that  it  may  be  taken  as 
a  certain  datum,  that  in  itself  a  high  elevation  of  the  land 
tends  to  bring  about  cold  conditions,  and  a  depression  or 
submergence  milder  conditions  of  climate. 

We  may  here  remark  that  these  numerous  distinct  glacial 
periods,  accompanied  by  repeated  depressions  and  re-elevations, 
are  not  borne  out  by  the  observations  of  geologists  in  other 
countries. 

**  Mr.  Geikie  admits,"  says  Mr.  Bell,  **  that  the  majority  of 
geologists  on  the  continent  believe  that  there  have  been  only 
two  glacial  epochs,  separated  by  an  interglacial  epoch  of 
more  genial  conditions  "  (op.  cit,,  pp.  448-456).  In  America  we 
have  among  most  geologists  a  similar  division  into  two  glacial 
epochs  with  an  intermediate  mild  period  (see  Chamberlin  in 
the  Great  Ice  Age,  p.  773),  while  others  allow  really  only  one 
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epoch  varying  in  intensity  and  local  effects.  I  most  com- 
pletely agree  with  Mr.  D.  Bell's  concluding  paragraph  on 
this  subject:  "While  not  unaware,"  he  says,  **of  local 
difficulties,  we  respectfully  submit  that  Dr.  Geikie's  com- 
plicated system  of  so  many  glacial  and  interglacial  periods 
and  so  many  submergences  and  re-emergences,  from  500  to 
600  feet  downwards,  with  their  varying  and  apparently  in- 
scrutable effects  upon  climate,  tends,  on  the  whole,  to  increase 
these  difficulties  and  should  therefore  he  reformed  altogether " 
(GeoL  Mag,,  1896,  p.  16). 

While  Prof.  Geikie  is  more  or  less  consistent,  since  he 
logically  faces  the  issue  and  bravely  postulates  a  fresh  glacial 
or  interglacial  period  to  explain  every  intercalated  bed,^  others 
have  been  less  logical  and  more  modest,  and  have  appealed  to 
a  more  limited  number  of  changes. 

Dakyns  says :  "  Too  much  importance  has  been  attached  to 
cases  of  partial  unconformity  in  the  so-called  glacial  beds,  as 
if  they  marked  a  great  difference  of  age.  Thus  many  writers 
have  recognised  three  boulder  clays,  whereas  in  some  places 
there  are  four,  with  a  similar  number  of  unconformities,  as 
at  Dane's  Dike  and  the  High  Stacks.  .  .  .  The  break  is  in 
the  glacial  beds.  Unconformities  (so  called)  and  eroded  sur- 
faces, instead  of  indicating  great  breaks  in  the  series,  are,  in 
nine  cases  out  of  ten,  merely  local  and  contemporaneous.  •  .  . 
It  is  all  one  great  boulder  clay  formation.  Too  much  faith 
has  also  been  placed  in  different  lithological  conditions  and 
colour.  These  are  local  differences,  ...  all  blue  rocks  are 
apt  to  turn  red  by  chemical  action  "  {Proc.  Geol.  and  Pol.  Soc., 
York,  vii.,  pp.  126-128). 

Messrs.  Wood  and  Harmer  classed  the  drift  of  East  Anglia 
thus :  (1)  Plateau  gravel  =  doubtfully  glacial ;  (2)  chalky 
boulder  clay  »  upper  glacial,  sands  and  gravels  =  middle 
glacial ;  (3)  contorted  drift,  Cromer  till,  Bure  valley  beds  = 
lower  glacial.  Mr.  Gunn's  arrangement  is  quite  different, 
viz.,  (1)  Upper  boulder  claj' ;  (2)  stratified  clays  with  sands 
and  gravels ;  (3)  lower  boulder  clay  or  till. 

On  these  classifications  Mr.  Horace  Woodward  conmients. 

^  Mr.  C.  Lewis  aays  that  according  to  Mr.  Geikie  there  ought  in  fact  to  be 
evidence  at  Cheetham  Hill,  near  Manchester,  of  five  glacial  periods  (op.  cU,, 
p.  288). 
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Mr.  Gnnn's  upper  boulder  clay  is  the  equivalent  of  the  chalky 
boulder  clay,  his  lower  boulder  clay  is  the  Cromer  till  of  the 
coast  section.  But  the  stratified  clays  with  sands  and  gravel 
"embrace  both  the  contorted  drift  and  middle  glacial  of  Messrs. 
Wood  and  Hanner  ".  He  has  classed  as  one  beds  which  they 
separate  into  two,  marked  by  a  period  of  great  denudation. 
But  on  the  Cromer  coast  near  Mundesley  and  other  places, 
it  is  often  difficult  to  draw  a  line  between  the  Cromer  till  or 
lower  boulder  clay  and  the  contorted  drift.  They  merge 
one  into  the  other.  At  Corton  there  is  a  stony  loam,  and 
around  Mousehold  there  is  brick-earth,  called  contorted  drift 
by  Messrs.  Wood  and  Harmer  and  lower  boulder  clay  by  Mr. 
Gunn.  Hence  we  see  there  is  not  always  a  definite  distinction 
between  lower  boulder  clay  and  contorted  drift.  Again,  he 
elsewhere  speaks  of  the  same  classification  of  the  drift  beds 
by  Wood  and  Harmer. 

''  I  have  been  at  a  loss  to  find  the  persistence  of  any  of  the 
four  divisions.  .  ,  .  Beds  have  frequent  and  often  very 
abrupt  changes  in  lithological  charactd^.  ...  In  many  places 
the  lower  and  upper  boulder  clay  is  identical.  Sometimes 
contorted  drift  passes  into  the  great  chalky  boulder  clay  '* 
{Qtol.  of  Country  round  Fakenham,  etc.). 

Kendall,  speaking  of  the  Lancashire  drifts,  says:  ''The 
glacial  deposits  have  been  classified  by  Prof.  E.  Hull  (Proc. 
Lit.  and  Phil.  Soc,  March,  1865,  p.  449)  into  three  groups, 
viz.,  (1)  Lower  boulder  clay ;  (2)  middle  sands  and  gravels ; 
(3)  upper  boulder  clay.  This  classification  has  been  adopted 
by  the  officers  of  H.M.'s  Geological  Survey,  and  by  many  in- 
dependent geologists,  though  not  a  few  of  the  closest  students 
of  the  glaciation  of  the  district  have  found  themselves  opposed 
to  it.  .  .  .  The  lower  and  upper  boulder  clays  are  assigned 
respectively  to  the  period  of  major  and  minor  glaciation, 
while  the  middle  sands  are  allocated  to  the  interglacial  period. 

**  From  this  classification,"  says  Mr.  Kendall,  *'  and  from 
the  theoretical  conclusions  drawn  from  it,  I  alike  dissent.  The 
stratigraphical  evidence  cannot  be  considered  as  conclusive 
because  of  its  extreme  flexibility.  For  example,  suppose  in 
a  given  section  a  mass  of  sand  to  be  seen  interposed  between 
two  beds  of  clay,  it  will  be  claimed  that  the  series  is  complete. 
Suppose  a  bed  of  sand  to  repose  upon  clay,  here  it  will  be 
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said  that  the  upper  clay  has  been  removed  by  denudation. 
Should  the  deposits  above  the  solid  rock  consist  of  sand 
covered  by  clay,  it  will  be  interpreted  to  mean  that  the  lower 
boulder  clay  had  been  removed  by  denudation  before  the 
deposition  of  the  sand.  Such  arguments  as  these  are  at  one 
and  the  same  time  unanswerable  and  quite  inconclusive. 

''The  lithological  character  might  be  expected  to  jrield  a 
safer  guide,  and,  in  truth,  it  is  of  crucial  importance  to  deter- 
mine whether  or  not  there  is  a  radical  and  essential  difference 
between  the  upper  and  the  lower  boulder  clay.  It  is  indeed 
a  vital  necessity  to  the  tripartite  scheme  that  there  should 
be  some  intrinsic  features,  either  of  composition  or  of  con- 
tents, by  which  the  clays  may  be  differentiated. 

"  These  two  deposits  of  clay  are,  however,  indistinguishable. 
It  has  been  supposed  that  the  lower  boulder  clay  is  the  harder 
and  more  stony  of  the  two ;  but  against  this  I  may  cite  as 
one  among  the  many  cases  which  have  come  under  my  own 
observation  an  instance  at  Heaton  Mersey.  Here  a*  bed  of 
clay  rests  directly  on  the  triassic  sandstone,  while  it  is  over- 
laid by  typical  *  middle  sands  '.  The  clay  is  through  almost 
its  entire  thickness  finely  laminated  and  crumpled ;  singularly 
few  stones  are  embedded  in  it ;  it  is  very  soft  and  contains 
many  shell  fragments. 

'•  On  the  other  hand,  a  thick  bed  of  clay  which  rests  upon 
the  'middle  sands'  near  at  hand  is  hard  and  tough,  and 
contains  many  well-scratched  stones.  One  such  example  as 
this  is  sufficient  to  dispose  of  any  lithological  test  for  lower 
boulder  clay,  and  my  own  observations  show  that  the  beds  vary 
between  the  uttermost  extremes  within  a  very  short  distance. 

"  Moreover,  whenever  sections  of  any  considerable  length 
are  opened,  they  rarely  fail  to  exhibit  lenticular  patches  of 
sand  and  gravel  interposed  between  beds  of  boulder  clay,  and 
in  many  cases  there  are  two  or  three  beds  of  sand  in  one  ver- 
tical section.  These  beds  of  sand  occasionally  attain  very  large 
dimensions — for  example,  in  the  neighbourhood  of  Preston 
they  are  traceable  for  several  miles,  and  again  in  the  neigh- 
bourhood of  Stockport.  It  must  be  noted,  however,  that  the 
outcrops  are  singularly  intermittent,  and  that  the  sands 
vanish  and  reappear  in  a  very  erratic  manner,  while  partings 
of  stony  clay  occur  from  time  to  time. 
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"  It  appears  to  me  that  the  occurrence  of  two  or  three 
superimposed  beds  of  clay,  with  partings  of  sand  and  gravel 
of  greater  or  less  extent,  do  not  mark  actual  subdivisions  of 
the  glacial  epoch,  but  local  phases  of  deposition,  so  that 
sands  might  be  deposited  side  by  side  with  (so-called) 
*  upper  •  or  *  lower '  boulder  clay.  In  other  words,  I  think 
that  the  varieties  in  the  deposit  are  a  testimony  to  differences 
not  of  age,  but  solely  of  conditions.  .  .  .  While  the  stratifica- 
tion is  of  so  inconstant  a  character  as  to  invalidate  the 
hypothesis  that  there  is  any  definite  bed  of  sand  or  other 
material  representing  an  interglacial  period  in  the  Lancashire 
and  Cheshire  area,  the  palsBontological  evidence  is  equally 
unsatisfactory  "  (Carvell  Lewis,  The  Olacicd  Geology  of  Great 
Britain,  pp.  411-413).  This  palsdontological  evidence  I  have 
discussed  in  a  previous  chapter  (see  vol.  ii.,  p.  114,  etc.). 

I  agree  very  much  with  the  general  conclusions  of  Mr. 
Kendall  here  cited ;  what  I  cannot  agree  with  is  his  opinion 
that  these  sands  were  deposited  by  sub-glacial  streams.  Such 
a  conclusion  seems  absolutely  beyond  the  range  of  possibility 
in  regard  to  beds  distributed,  as  these  sands  are,  not  in 
streams,  or  ribbons,  or  bands,  but  in  almost  continuous  sheets. 
But  to  continue.  A  few  sections  at  the  foot  of  Stainmoor  in  the 
Vale  of  Eden,  says  Mr.  Goodchild,  show  that  locally  a  three- 
fold division  of  the  drift  obtains,  yet  he  adds  farther  on  :  "It 
is  nearly  impossible  to  make  out  any  definite  order  of  succes- 
sion in  the  drifts  in  the  lower  parts  of  the  valley ;  the  few 
sections  seen  show  plainly  enough  that  masses  of  sand 
and  gravel  pass  into  and  are  interwoven  with  clay  drifts  in 
such  a  way  as  to  defy  any  attempt  at  separation  over  large 
areas  *\  An  inspection  of  the  remarkable  series  of  sections 
from  the  cuttings  of  the  Settle  and  Carlisle  Bailway  given  in 
Mr.  Goodchild's  paper,  showing  the  intimate  interweaving 
of  stratified  sands  and  gravels,  and  laminated  clays  with  till 
and  boulder  clay,  indicates  the  utter  impossibility  of  referring 
the  former  to  a  distinct  period  {GeoL,  May,  1891,  pp.  7-8). 

Mr.  Mellard  Beade,  speaking  of  the  two  boulder  clays  which 
have  been  postulated  at  Blackpool  in  Lancashire,  says :  '*  If 
we  could  see  a  section  farther  inland,  it  is  highly  probable 
that  these  two  clays  would  coalesce  and  shade  into  each 
other  in  places,  as  indeed  is  shown  to  be  the  case  in  Mr. 
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Binney's  section  made  twenty  years  earlier.  Mr.  Binney  him- 
self says  that  his  bed  number  two,  a  brownish-coloured  clay 
containing  stones,  ...  is  often  replaced  by  stratified  beds  of 
sand  and  gravel."  If  we  confine  ourselves  to  Blackpool  it 
may  be  perfectly  natural  to  speak  of  a  threefold  division ;  but 
the  moment  we  attempt  to  apply  the  same  classification 
elsewhere,  we  are  met  by  insurmountable  difficulties. 

If  we  are  to  classify  by  superposition,  the  clay  at  St.  Bees 
will  be  lower  boulder  clay ;  but,  unfortunately,  it  does  not 
correspond  in  any  other  way  with  that  of  Blackpool,  being 
nearly  stoneless.  Again,  at  Bampside,  we  have  two  sections 
side  by  side  on  the  same  horizon,  one  being  full  of  glaciated 
stones,  and  answering  to  the  same  description  of  **  lower 
boulder  clay,"  the  other  corresponding  more  with  what  is 
called  '*  upper  boulder  clay,"  but  in  it  are  the  arched  beds  of 
sand.  There  is  no  evidence  whatever  that  one  clay  is  laid 
over  the  other. 

Mr.  Crosskey  was  also  strongly  opposed  to  the  notion  that 
the  drift  deposits  were  susceptible  of  a  threefold  division. 
He  refers  to  the  sections  of  wells  pubhshed  by  J.  W.  Gray, 
in  his  paper  on  the  geology  of  Stockport,  as  showing  clearly 
that  no  threefold  division  of  the  drift  will  suffice  (Intr.  to 
Carvell  Lewis*  GZoc.  Geol.  of  Great  Britain^  xli.).  In  his  Building 
of  the  British  Isles,  Mr.  A.  J.  Jukes-Browne  writes  that  the 
most  recent  detailed  observations  on  the  later  glacial  series 
of  Yorkshire,  Lincolnshire,  Cheshire  and  Lancashire  have 
shown  that  the  supposed  division  of  those  beds  into  an  upper 
and  lower  boulder  clay,  separated  by  a  set  of  marine  sands 
and  gravels,  is  incorrect,  the  sands  and  gravels  being  only 
lenticular  beds  and  occurring  at  various  horizons  in  the 
series. 

I  do  not  know  how  the  case  here  made  out  against  the 
notion  of  interglacial  periods  is  to  be  answered,  and  in  fact 
the  champions  of  that  notion  have  become  much  fewer  than 
they  were.  When  CroU  startled  the  world  and  carried  men 
along  with  him  by  his  impetuous  and  brilliant  book,  Climate 
and  Time,  he  made  converts  wholesale  to  the  notion  of  inter- 
glacial periods.  The  notion  was  a  necessity  of  his  argument 
as  it  was  of  that  of  Sir  B.  Ball,  and  in  fact  of  all  theories  of  an 
ice  age  based  directly  or  indirectly  on  astronomical  grounds. 
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and  involving  a  recurrence  of  ice  ages  at  intervals  as  a  part 
of  the  scheme.  "It  is  to  Dr.  CroU,**  says  Ball,  "must  be 
ascribed  the  credit  of  having  pointed  out  that  the  remarkable 
succession  of  ice  ages  was  a  necessary  consequence  of  the 
astronomical  theory  of  their  origin."  "Again,"  says  Ball, 
"  we  are  entitled  to  infer  as  a  necessary  consequence  of  the 
astronomical  theory,  that  throughout  the  whole  period  spoken 
of  as  geological  time,  ice  ages  have  from  time  to  time  recurred 
according  to  a  law  of  succession  prescribed  by  astronomical 
conditions  *'  {Cause  of  an  Ice  Age,  2nd  ed.,  pp.  140,  156). 

When  we  ask  for  some  proof,  however,  Dr.  Ball  as  usual 
gives  us  a  mere  obiter  dictum  on  the  subject  "  Geology," 
he  says,  "  affords  us  distinct  traces  of  the  repetition  of 
glacial  phenomena"  {ibid.,  p.  140).  To  this  bare  statement 
the  great  majority  of  living  geologists  would  entirely  demur. 
The  champions  of  interglacial  climates  are,  as  I  have  said, 
a  shrinking  number.  The  raison  d'etre  of  the  theory  was, 
in  effect,  the  necessity  imposed  upon  the  geologists  by  the 
champions  of  the  astronomical  theory.  Now  that  that  theory 
has  been  shown  to  be  quite  invalid  as  a  mediate  or  an  ini- 
mediate  cause  of  ice  ages,  the  necessity  in  question  no  longer 
exists,  and  geologists  have  been  able  to  survey  the  facts  of 
their  science  with  a  more  neutral  eye.  The  result  has  been  a 
steady  decay  in  the  number  of  the  champions  of  interglacial 
climates,  especially  in  America  and  among  non-oflScial  geolo- 
gists in  Britain.  Professor  Geikie  and  the  geological  surveyors, 
in  Britain,  and  Penck  and  his  followers  in  Germany,  still  hold 
to  it,  I  believe,  as  some  of  them  hold  on  hesitatingly  to  Croll's 
theory  of  an  ice  age,  of  which  it  is  a  mere  corollary.  For 
the  rest,  the  facts,  of  which  only  samples  have  been  here  given, 
seem  to  overwhelmingly  proclaim  the  futility  of  the  notion. 

The  view  held  by  the  more  recent  glacial  geologists  on  the 
subject  may  be  summed  up,  in  fact,  in  the  words  of  an  ardent 
glacialist.  "My  observations  convince  me,"  says  Lewisi 
"  that  the  glacial  period,  instead  of  being  a  complex  series  of 
glacial  advances  and  retreats,  and  of  aqueous  submergences 
and  re-elevations  accompanied  by  recurrent  cold  and -warm 
periods,  was  in  reality  as  simple  as  one  of  the  preceding 
tertiary  periods"  (op.  city  p.  71). 

Let  us  proceed,  however. 
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The  intercalated  beds  referred  to  above,  and  attributed  to 
interglacial  periods,  are  very  often  not  continuous,  but  mere 
patches.  Mr.  Geikie  himself  describes  how  patches  of  clay  are 
sometimes  found  intercalated  among  the  stratified  gravels,  and 
tells  us  he  was  told  by  the  workmen  in  a  pit  that  such  a  patch 
was  what  they  called  a  **  leg,"  and  was  connected  with  the 
stuff  at  the  top,  from  which,  they  said,  several  such  "  legs  " 
had  come  and  had  given  them  much  trouble  in  the  working. 
Similar  appearances  are  occasionally  found,  says  Mr.  Geikie,  in 
connection  with  the  intercalated  and  subjacent  beds  of  Scotch 
till.  Mr.  Geikie  explains  these  as  tongues  of  till  squeezed 
through  and  between  the  yielding  deposits,  over  which  the 
sub-glacial  mass  was  rolled  and  pressed  (Great  Ice  Age,  p.  362). 
How  the  process  here  appealed  to  could  be  mechanically  carried 
out,  except  in  the  perfervid  Scotch  imagination  of  the  most 
ingenuous  professor,  I  do  not  know.  Considering  that  these 
same  ice-sheets  are  supposed  to  have  travelled  over  widely 
spread  laminated  beds  without  disturbing  them,  the  process 
does  seem  to  me  miraculous. 

I  am  bound  to  say  again  that  the  alleged  transport  of  strati- 
fied lumps  of  what  are  apparently  tertiary  beds  of  soft  strata 
with  their  stratification  intact  by  ice-sheets  seems  just  as 
miraculous.  I  have  previously  described  at  length  several 
instances  of  these  transported  masses  of  soft  strata  with  their 
layers  intact  (vol.  ii.,  pp.  223-226).  It  is  not  only  in  the  true 
boulder  clays  that  these  blocks  of  soft  tertiary  strata  occur  in 
this  way. 

Mr.  O.  Fisher  similarly  refers  to  considerable  portions  of 
"trail "  as  transferred  en  bloc,  like  a  huge  boulder  {GeoL  Mag., 
viii.,  pp.  66-70). 

How  is  it  possible  to  attribute  the  detachment  from  its 
matrix  and  subsequent  transport  of  material  like  this  to 
ice?  To  show  the  desperate  straits  to  which  the  champions 
of  ice  have,  in  fact,  been  driven  by  this  fact,  I  will  quote, 
without  criticising,  Mr.  Lamplugh's  condensed  statement  of 
the  facts  with  his  conclusions,  which  I  cannot  help  describ- 
ing as  fantastic.  He  says  of  the  beds  near  Bridlington  :  **  The 
tendency  of  the  basement  clay  to  include  patches  of  other 
deposits  I  regard  as  one  of  its  chief  characteristics.  .  .  .  The 
inclusions  are  not  always  beds  of  glacial  age,  but  are  some- 
times derived  from  the  secondary  formation  of  masses  of 
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liassic  shale  and  neocomian  clay  occurring,  the  former, 
among  other  places,  in  Filey  Bay  and  at  Bridlington,  and 
the  latter  at  several  places  on  Flamborough  Head.  The  con- 
ditions under  which  these  masses  of  the  older  formations  are 
found,  exactly  parallel  the  occurrence  of  the  shell-bearing 
patches,  the  original  bedding  being  sheared  and  shaken,  but 
not  obliterated,  the  fossils  being  preserved,  though  generally 
fractured,  and  each  mass  forming  an  isolated  boulder  in  the 
clay.  Some  of  them,  v^re  know,  must  have  travelled  no  in- 
considerable distance,  as,  for  instance,  the  patches  of  lower 
lias  at  Filey  and  Bridlington,  which  cannot  have  journeyed 
for  less  than  several  miles,  even  if  we  allow  that  strata  of 
that  age  may  crop  out  in  the  bed  of  the  North  Sea  nearer 
than  on  the  coast  Hue**  (,Broc.  York  GeoL  amd  Pol.  Soc., 
1889,  pp.  282,  283).  These  being  the  facts,  Mr.  Lamplugh 
thus  applies  his  land-ice  theory  to  explain  them:  "When 
I  try  to  conceive  how  the  soft  shales  and  incoherent  sandy 
beds  came  to  be  taken  up  from  the  sea-bottom  and  trans- 
ported, as  most  undoubtedly  they  have  been,  for  long  dis- 
tances, difficulties  arise,  and  I  fail  to  reach  a  safe  conclusion. 
Were  the  beds  littoral,  one  might  suppose  that  floating 
ice  from  the  ice-foot  assisted  in  the  work  by  removing 
and  carrying  portions  of  beach  deposits  to  places  in  which 
they  were  afterwards  overtaken  and  over-ridden  by  the  steady, 
forward,  creeping  land-ice,  but  many  of  the  shells  indicate 
comparatively  deep  water,  and  may  have  come  from  almost 
anywhere  in  the  bed  of  the  southern  part  of  the  North  Sea." 
He  then  adds  the  following  astounding  statement :  **  The  evi- 
dence 18  distinctly  in  favour  of  the  view  that  these  incoherent  masses 
became  actually  imbedded  in  the  ice,  and  rose  with  it  to  the  higher 
levels,  just  as  we  know  the  solid  boulders  have  sometimes  done  ;  hut 
how  this  wa^  effected  I  cannot  make  out,  unless  we  may  imagine 
that  *  anchor  ice  *  had  formed,  and  affixed  itself  to  the  sea-bottom 
before  the  encroachment  of  the  land-ice  with  which  it  afterwards 
combined  '* ! ! !  {ibid.,  p.  289)  Again,  I  would  ask,  is  this  induc- 
tive science  ? 

Let  us  proceed,  however. 

The  division  between  the  supposed  horizons  treated  as 
marking  glacial  conditions  is  not  always  a  bed  of  sand,  peat, 
etc.     We  are  frequently  told  that  it  is  sometimes  marked  by  a 
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plane  of  erosion.  Mr.  Jukes-Browne  contests  the  existence  of 
such  interglacial  erosion  in  the  drift  beds  of  Norfolk  (where 
it  had  been  claimed  as  a  phenomenon),  in  which  he  quite 
agreed  with  Mr.  C.  Beid  and  Mr.  Blake.  He  urges  that 
the  apparent  hollows  in  the  contorted  drift  are  not  channels 
of  erosion,  but  large  contortions  affecting  both  the  gravels 
and  the  loams  alike,  and  there  is  no  evidence  of  unconforma- 
bility  between  the  contorted  drift  and  the  so-called  middle 
glacial  beds,  and  concludes  that  the  lower  part  of  the  glacial 
series  in  Norfolk  contains  thick  beds  of  stiff,  sandy  clay  or 
loam  which  have  a  lenticular  development  on  a  large  scale, 
both  sands  and  loams  being  affected  by  the  same  con* 
tortious;  that  inland  the  loam  is  often  altogether  replaced 
by  sand,  and  that  both  form  parts  of  one  indivisible  whole* 
''I  look  upon  the  contorted  drift  as  merely  a  local  facies 
of  the  lower  part  of  the  series  elsewhere  called  middle  glacial, 
just  as  in  parts  of  Suffolk  beds  of  laminated  loam  and  brick- 
earth  are  enclosed  in  the  upper  part  of  the  same  series  *'  {Froc, 
Nortoich  Geol.  Soc.,  pp.  171,  172). 

Sometimes  the  boulder  clay  has  very  persistent  layers  or 
lines  or  strings  of  stratified  matter  running  through  it  which 
cannot  be  treated  as  a  special  horizon. 

Thus  the  purple  clay  of  Yorkshire  is  a  dark  brownish- 
purple  clay  containing  a  great  variety  of  boulders  and  a  few 
shell  fragments.  '*  The  chief  point  of  interest  in  this  section  (i.e., 
that  south  of  the  harbour  at  Bridlington)  Ues  in  the  existence 
of  a  well-stratified  portion  which  occurs  along  one  horizon, 
and  thus  forms  a  band  running  thread-like  through  the  section. 
This  stratified  band  varies  in  thickness  from  a  few  inches 
to  three  feet ;  it  does  not  differ  much  from  the  rest  of  the 
clay  except  in  being  bedded,  but  is  rather  more  earthy  (which 
causes  it  to  weather  faster),  and  also  in  containing  a  sprinkling 
of  small  chalk  pebbles,  and  these  are  rare  in  the  chalk  below  it, 
and  not  plentiful  above.  It  contains  scratched  blocks  like 
the  rest  of  the  boulder  clay,  but  flat  pebbles  are  nearly  always 
laid  horizontally.  The  bedding  is  sometimes  very  distinct, 
and  almost  fine  enough  to  be  called  lamination;  at  others 
it  is  almost  or  quite  lost,  though  the  state  of  the  cliff  has 
something  to  do  with  this,  as  it  is  after  the  washing  of  a 
heavy  sea  that  the  bedding  is  best  brought  out.  ...  Its 


332  Ice  or  Water. 

JDnction  with  the  boulder  clay  below  is  sharply  defined,  but 
upwards  it  is  sometimes  vague"  (JProc,  York  Geol,  and  Pal* 
Soc,  1882,  p.  33).  In  regard  to  this  stratification  the  author 
just  quoted  says :  ''It  must  not  be  forgotten  by  the  glacial 
theorist.  At  first  glance  the  stratification  might  be  supposed 
to  occur  at  random  throughout  the  mass  of  the  clay,  owing 
to  the  constant  change  in  the  height  and  position  of  the  band 
in  a  cliff-face,  always  in  some  degree  marked  by  landslips. 
.  .  .  The  material  of  which  it  is  composed  differs  so  slightly 
from  the  clay  above  and  below,  that  it  has  almost  certainly 
been  derived  from  the  same  source ;  yet  there  can  be  no 
doubt  that  this  material  has  been  sorted  and  deposited  in 
water,  for  sometimes  streaks  of  sand  make  their  appearance 
along  every  bedding  plane.  It  cannot,  therefore,  be  directly 
the  product  of  land-ice  ;  neither  is  its  position  nor  composition 
such  as  I  should  expect  from  a  sub-glacial  river  nor  from 
iceberga  It  looks  to  me  as  if  deposited  in  open  water  of  no 
great  depth,  with  no  ice  excepting  light  floes  "  (ibid,,  pp.  37, 
38). 

Mr.  D.  Mackintosh  again  says,  speaking  of  the  drift  deposits 
about  the  Dee  :  ''  There  is  a  distinct  and  undulating  line  of 
junction  between  the  upper  and  the  lower  boulder  clays 
wherever  the  middle  sands  are  absent,  and  between  these 
sands  and  the  upper  boulder  clay  *  there  is  almost  universally 
a  clean  and  straight  or  undulating  line  of  junction,  without 
the  slightest  commingling  of  materials'".  He  thinks  that 
this  proves  that  the  upper  clay  could  not  have  been  brought 
by  land-ice,  **  because  land-ice  could  not  have  ptished  its  moraine 
profonde  for  scores  of  miles  over  an  extensive  deposit  of  yielding 
sand  and  gravel  without  confusedly  mixing  up  the  two  for- 
mations "  (Qmir.  Joum.  Geol.  Soc,  1877,  p.  730,  etc.). 

Mackintosh  also  calls  attention  to  a  striking  fact  to  which 
Prof.  Hull,  Mr.  De  Ranee  and  others  have  referred,  namely, 
the  evidence  in  certain  places  of  a  great  leap  from  a  so-called 
interglacial  sand  and  gravel  period  when  no  glaciated  stones 
were  floated  by  the  ice  over  the  submerged  plains  and  when 
scarcely  any  clay  was  deposited  to  a  period  when  clay  and 
intensely  glaciated  stones  began  to  accumulate.  **  What,"  he 
says,  *'  could  have  obliterated  all  signs  of  the  interval  during 
which  the  change  from  non-glacial  to  glacial  conditions  took 
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place?  The  revolution  in  temperature  may  certainly  have 
occurred  during  an  intervening  period  when  dry  land  existed. 
But  as  there  are  no  traces  of  a  land  surface,  so  far  as  I  have 
seen,  between  the  middle  sand  and  upper  clay,  I  would  sug- 
gest that  the  commencement  of  the  upper  clay  submergence 
may  have  been  sudden  so  as  to  generate  an  earthquake-wave 
capable  of  accompUshing  the  sweeping  denudation  of  the  sand 
which  is  so  forcibly  suggested  by  the  clean  and  persistent  line 
of  separation  above  described  "  {(i^art,  Joum,  GeoL  Soc.,  1877, 
pp.  735-736).  Can  anything  be  more  touching  than  these 
straits  to  which  the  glacial  champions  are  driven  in  turning 
the  flank  of  the  very  difficult  position  they  have  made  for 
themselves  ? 

The  mixture  of  stones  and  of  clays  and  other  debris, 
which  although  found  together  have  come  from  different 
directions,  is  another  difficulty  presented  by  so-called  glacial 
deposits  which  seems  insurmountable  by  an  appeal  to  land- 
ice.  In  some  cases  Mr.  Geikie  refers  to  these  debatable  lands 
where  a  medley  of  foreign  materials  meet,  but  he  does  not 
explain  them,  nor  does  he  tell  us  how  masses  of  solid  ice 
could  struggle  with  each  other  over  the  same  ground.  It  is 
not  a  question  of  ice  coming  down  converging  valleys  and 
uniting  and  mixing  its  load  in  a  common  trough.  It  is  ice- 
sheets  apparently  moving  in  opposite  directions  over  the  same 
ground  without  clearing  off  each  other's  trail.  Thus  he  says : 
''The  right  of  possession  to  the  tract  of  country  that  lies 
between  Cambuslang  and  Lesmahagow  seems  frequently  to 
have  been  disputed  by  the  rival  ice  streams,  the  rocks  of  that 
area  having  been  sometimes  striated  by  ice  that  moved  from 
the  north,  and  sometimes  again  by  the  confluent  masses  that 
flowed  from  the  southern  uplands.  We  find  also  an  inter- 
mingling of  stones,  fragments  of  mica-schist  and  gneiss  from 
the  Highland  mountains  occurring  now  and  again  as  far 
south  as  Lesmahagow,  while  stones,  apparently  derived  from 
the  high  grounds  to  the  south  of  that  place,  appear  here  and 
there  in  the  till  as  far  north  as  Stonehouse.  A  similar  inter- 
mingling of  stones  from  the  north  and  south  is  seen  in  the  till 
of  the  valley  of  the  Esk,  near  the  Moorfoot  Hills  in  Edin- 
burghshire" (Great  Ice  Age,  3rd  ed.,  pp.  77-78).  I  described 
at  considerable  length  several  instances  of  a  similar  mixture  of 
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debris  coming  from  various  directions,  and  now  found  incon- 
gruously together  in  the  drifts  of  the  Baltic  countries  and 
elsewhere,  in  my  former  work  (Glacial  Nightmare,  pp.  730-732), 
and  argued  that  it  was  quite  inconsistent  with  land-ice  action, 
whose  motion  like  that  of  other  nearly  rigid  bodies  cannot 
involve  currents  in  various  directions,  and  I  will  now  only  quote 
an  additional  instance  from  Southern  England  and  from  a 
very  typical  so-called  glacial  deposit,  namely,  the  chalky 
boulder  clay.  The  clayey  matrix  of  this  deposit  has  been 
chiefly  derived  from  the  denuded  hollow  of  the  Fenlands, 
while  the  included  stones  have  come  from  various  directions. 

**  It  must  be  remembered  that  this  clayey  matrix  only  exists, 
in  situ,  in  the  lowest  hollows,  where  the  denudation  has  been 
greatest.  It  is  thence  that  the  Kimeridge  and  Oxford  clays 
must  have  come  to  form  the  mass  of  the  chalky  clay,  and 
been  thence  distributed  in  various  directions.  It  is  in  the 
low  grounds  of  the  Fen  country  that  the  churning  and  mix- 
ing of  the  materials  must  have  been  carried  out,  and  it  is 
thence  the  clay  must  afterwards  have  been  sporadically  spread 
out  and  scattered.  How  are  we  by  any  stretch  of  the  imagina- 
tion to  realise  an  ice-sheet,  formed  in  the  deep  hollow  of  the 
Fenlands,  collecting  together  from  the  four  winds  of  heaven 
materials  for  the  clay,  working  and  mixing  them  up  in  the 
deepest  part  of  the  area  where  it  occurs,  and  then  distributing 
it  in  vavious  directions,  always  moving  uphill  from  the  trough 
on  to  the  plateau  ?  The  kind  of  reasoning  involved  is  assuredly 
going  back  to  the  dark  ages  of  science,  and  getting  away  from 
induction  altogether." 

I  printed  this  paragraph  some  years  ago  in  the  Geological 
Magazine,  Mr.  C.  Lewis  puts  a  similar  case  in  other  words. 
In  regard  to  the  boulder  clay  and  other  drift  deposits  of  Central 
England,  i.e.,  of  Lincolnshire,  Norfolk,  Suffolk,  Cambridge, 
Nottingham,  Stafford,  Warwick,  etc.,  he  also  denies  that  they 
are  of  glacial  origin  at  all,  and  says :  ''It  would  be  a  curious 
kind  of  glacier  which  could  at  once  carry  boulders  from  the 
south  as  well  as  from  the  north,  from  the  west  as  well  as  from 
the  east,  mixing  them  all  in  one  deposit,  and  which  was  able 
neither  to  make  moraines,  nor  to  striate  rock  surfaces,  nor 
to  smooth  projecting  crags,  nor  to  make  the  rocky  till "  (op, 
cit.,  p.  55).    Again,  he  says :  "The  comminghng  of  the  trans- 
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ported  stones  in  the  chalky   boulder  clay  is  impossible    to 
explain  by  the  glacial  hypothesis  *'  (tWd.,  p.  59). 

It  does  not  seem  possible  to  me  that  those  who  have  postu- 
lated local  glaciers  thus,  sporadically  scattering  materials 
containing  foreign  stones  which  have  come  together  from 
all  quarters,  have  ever  really  measured  or  thought  out  the 
conditions  under  which  they  would  work  at  all.  Dr. 
Geikie  is  equally  emphatic.  Thus  he  says :  "It  may  be  re- 
membered that  in  the  Midlands  of  England  we  encounter 
numerous  erratics  which  could  not  have  been  transported  by 
glacier  ice  at  one  and  the  same  time,  for  they  have  been 
carried  in  different  directions.  The  various  lines  of  transport 
have  crossed  each  other.  The  late  Mr.  Mackintosh  pointed 
to  the  '  inter-crossing  of  erratics '  in  England  as  showing  that 
these  boulders  could  not  have  been  carried  bv  land-ice  ** 
(Great  Ice  Age,  pp.  546,  547). 

A  more  remarkable  case  of  a  similar  kind  is  mentioned  by 
Mr.  Geikie  from  the  Alpine  country,  where  he  states  that 
although  the  old  glacier  of  Valromey  is  claimed  to  have 
flowed  down  the  valley  of  the  Seran  which  joins  the  Bh6ne 
a  little  below  Culoz  for  twenty  miles,  yet  erratics  which  must 
have  travelled  up  the  same  valley  are  found  for  two-thirds 
of  its  length.  He  falls  back  upon  the  notion  that  these  diffi- 
culties are  to  be  met  by  postulating  a  succession  of  glacial 
conditions  in  which  a  different  direction  was  given  to  the  ice- 
flow  (ibid.). 

This  conclusion  is  gaily  stated  without  a  particle  of 
mechanical  proof  of  its  possibility  as  is  the  possibility  of  the 
process  taken  for  granted  in  the  next  paragraph,  according 
to  which  when  the  undercurrent  and  greater  mass  of  the 
north  branch  of  the  Rh6ne  glacier  flowed  north-east  by  Lake 
Neuch&tel  along  the  flanks  of  the  Jura,  the  upper  strata 
of  the  ice  streamed  across  that  mountain-chain  by  various 
transverse  valleys,  as  Birsthal  and  Frikthal  (ihid,). 

Another  feature  of  the  drift  which  makes  it  very  difficult  to 
correlate  it  with  true  glacial  deposits  is  the  fact  of  the  stones 
in  it  gradually  becoming  smaller  in  size  and  less  in  number 
as  we  leave  their  bed-rock.  I  have  referred  to  this  before 
{Glacial  Nightmare,  p.  699).  This  is  natural  in  the  case  of 
river  portage  or  in  the  case  of  portage  by  some  great  and 
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rapid  movement  of  water,  but  is  quite  at  issue  with  all  we 
know  of  land-ice  carriage.  Mr.  Geikie,  who  admits  the  facts, 
does  not  seem  to  give  enough  weight  to  this  difl&cnlty. 
Following  the  till,"  he  says,  "  from  the  base  of  the  Grampians, 
where  it  is  crammed  with  fragments  of  slate,  mica-schist, 
granite,  gneiss,  quartzite,  etc.,  down  into  the  basin  of  the 
Forth,  we  find  the  number  of  these  Highland  stones  gradually 
decreasing,  until  by-and-by  they  disappear  altogether,  or  are 
met  with  only  at  rare  intervals.  And  the  same  is  the  case 
with  the  till  that  stretches  northwards  from  the  southern 
uplands.  At  first  the  fragments  brought  from  these  uplands 
are  in  the  majority,  but  they  gradually  fall  off  northwards 
and  finally  we  cease  to  meet  with  them.  It  is  curious  also 
to  notice  how  the  stones  lose  in  size  as  the  parent  rock  is 
left  farther  and  farther  behind  the  longer  the  distance 
travelled  "  (pip.  cit,,  3rd  ed.,  pp.  77-78).  This  fact  is  not  limited 
to  the  rolled  stones,  but  also  applies  to  the  angular  erratics 
and  drift — that  is  to  say,  to  the  stones  which  have  been 
carried,  if  by  ice  at  all,  on  the  glacier's  back,  and  whose 
sorting  according  to  their  specific  gravity  seems  quite  im- 
possible to  explain  if  they  were  really  carried  by  ice. 

Again,  Mr.  James  Geikie  says,  speaking  of  the  Scotch  till : 
**  We  may  yet  occasionally  observe  that  within  some  given  area 
the  larger  erratics  are  arranged  with  the  longer  axis  of  each 
lying  in  one  and  the  same  direction,  and  the  like  has  been 
noticed  with  regard  to  the  smaller  rock  fragments  and  grit  of 
the  clay  "  {ibid.,  3rd  ed.,  p.  15).  How  is  this  compatible  with 
their  having  been  deposited  by  land-ice?  how  could  it  arrange 
stones  in  this  symmetrical  way?  Again,  in  some  cases  in 
boulder  clay,  as  was  first  pointed  out  by  Mr.  Mortimer,  of 
DriflBeld,  the  boulders  stand  perpendicularly,  point  upwards. 
He  says  much  of  the  gravel  is  found  standing  on  end.  Large 
foreign  boulders  are  often  found  both  in  the  gravels  and  clays 
standing  on  their  ends,  and  sometimes  on  their  small  ends. 

Lastly,  Mackintosh  shows  how  in  the  estuary  of  the  Dee, 
at  Dawport,  there  occur  boulders  in  the  so-called  lower  clay 
which  had  evidently  fallen  from  a  certain  height  so  as  to 
press  the  clay  violently  and  cause  laminae  to  rise  up  at  the 
sides.  Of  one  of  them  he  gives  a  figure  {Quart.  Joum,  Geol. 
Soc.,  1877,  p.  732). 
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This  will  suffice  as  a  criticism  of  this  aspect  of  the  drift. 
Sorely  the  case  here  made  out  is  overwhelming,  and  con- 
stitutes a  reductio  ad  absurdum  of  the  theory  of  the  ice  origin 
of  the  drift  beds.  At  every  point  and  in  every  way  when 
we  come  to  analyse  the  internal  arrangement  of  the  drift 
beds,  we  have  one  accumulated  proof  that  they  are  quite 
inconsistent  with  ice  portage.  I  caiinot  do  better  than  close 
with  a  wail  from  one  of  the  most  courageous  champions  of 
that  theory. 

Mr.  Lamplugh  confesses  that  in  considering  the  origin  of 
the  East  Yorkshire  boulder  clay  the  land-ice  theory  only 
partially  succeeds  in  explaining  the  facts.  ''In  the  course  of 
my  work,"  he  adds,  "  I  have  found  myself  falling  into  the 
habit  of  thinking  or  speaking  of  this,  or  that,  as  the  product 
of  land-ice  without  having  a  very  clear  notion  of  the  properties 
and  capabilities  of  that  curious  body. 

''In  fact,  nowadays,  an  ice-sheet  has  become  a  sort  of 
geological  comfort,  and  one  can  hardly  do  without  it;  but 
somehow,  in  this  neighbourhood,  when  I  have  invoked  its 
aid,  it  has  persisted  in  doing  the  things  it  ought  not  to  have 
done,  and  leaving  undone  the  things  it  ought  to  have  done,  in 
so  irritating  a  manner  that  I  have  ceased  to  place  much  confi- 
dence in  it.  Of  course  a  good  glacier  under  perfect  control  in  a 
high  mountainous  country  is  extremely  serviceable  and  can 
be  held  accountable  for  much ;  but  ice-sheets  spreading  out 
over  great  plaitis  like  that  now  occupied  (save  for  the  little 
comer  of  Holderness)  by  the  North  Sea  seem  to  do  much  as 
they  hke,  and  to  refuse  to  give  any  reasonable  explanation  of 
their  conduct  "  {Proc,  York  GeoL  and  Pol.  Soc.,  viii.,  p.  253). 

It  is  impossible  for  me  to  add  anything  more  crushing  than 
this  confession. 


II.  22 
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CHAPTER  XVI. 

THE  EXTERNAL  FEATURES  OF  THE  DRIFT  AS  A  TEST  OF  THE 

THEORY  OF  AN  ICE  AGE. 

"  This  is  the  first  glacier  I  have  visited,  and  I  brought  away  the  impression 
that  on  the  whole  it  was  easier  to  give  explanations  of  glacial  phenomena 
before  I  had  seen  ice  t  " — (Lamplugh,  Olaciation  of  Vancouver  Island,  p.  14.) 

In  the  previous  chapter  I  have  tried  to  analyse  the  internal 
structure  of  the  drift  beds,  and  to  show  that,  in  every  way  we 
can  test  it,  it  seems  incompatible  with  the  drift  having  been 
formed  and  distributed  by  ice  action.  Let  us  now  turn  to  its 
external  features,  upon  which  I  wrote  at  considerable  length 
in  my  Glacial  Nightmare,  The  question  which  I  propose  to 
ask  is,  whether  the  contour  and  the  surface  features  and 
general  mode  of  distribution  of  the  drift  are  consistent  with 
these  beds  having  been  laid  down  by  ice. 

A  glacier,  such  as  we  know  it,  is  a  mass  of  ice  which  moves 
to  some  extent  en  masse,  so  long  as  its  bed  has  a  sufficient 
slope  to  give  it  impetus,  but  in  the  main  moves  as  a  plastic 
body  by  the  rolling  of  one  of  its  layers  over  another. 

When  there  are  overhanging  or  projecting  rocks  above  its 
surface,  these  get  disintegrated  by  the  action  of  frost  and 
weather,  and  the  result  is  that  angular  masses  of  varying 
size  roll  down  upon  the  back  of  the  ice.  If  the  slope  of 
the  glacier's  bed  be  slight  and  continuous,  the  glacier  will  be 
a  continuous  river  of  ice,  without  cracks  and  crevasses,  and 
these  angular  stones  will  be  carried  by  the  glacier  on  its  back 
as  far  as  the  ice  continues  to  move,  retaining  their  angularity 
throughout,  and  remaining  angular  at  the  finish. 

The  amount  of  this  debris  on  a  glacier  depends,  almost 
without  exception,  upon  the  quantity  and  rottenness  of  the 
exposed  rocks  on  either  flank  of  it. 
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'*  Glaciers,"  says  Freshfield,  *'  whose  channels  are  little 
overhung  by  rocky  slopes  have  comparatively  small  moraines. 
Having  fewer  tools  in  their  grip  in  the  form  of  fallen  blocks, 
they  will  naturally  also  grind  less.  The  Gul  glacier  under 
Ushba  is  a  capital  example  of  a  small  glacier  with  enormous 
moraines  derived  from  the  height  and  rottenness  of  the  crags 
that  encircle  its  basin  "  {Geog.  Progress ^  1888,  p.  786,  note). 

Whymper  speaks  in  the  same  way.  He  says  :  **  The  larger 
glaciers  often  have  smaller  moraines  than  the  small  ones,  as, 
for  instance,  in  the  two  cases  of  the  Gomer  and  the  Z'mutt 
glacier,  the  former  is  much  larger,  while  the  moraines  are 
incomparably  smaJler.  The  same  follows  from  a  comparison 
of  the  moraines  of  the  Miage  with  those  of  the  Glacier 
d'Argentifere  "  {Scrambles  in  the  Alps,  p.  243,  etc.). 

The  debris  above  mentioned  having  rolled  down  on  to  the 
ice  is  not  distributed  uniformly.  It  forms  first  a  double  row 
of  black  rubbish  flanking  the  glacier  on  either  side,  and, 
secondly,  a  certain  sprinkling  of  rocks,  etc.,  which  have  rolled 
farther  and  have  reached  the  more  central  parts  of  the  glacier's 
back.  The  former  double  rows  of  debris  which  travel  down 
with  the  glacier  are  what  are  known  as  lateral  moraines,  and 
they  often  consist  entirely,  or  almost  entirely,  of  angular 
unrolled  debris. 

When  two  subordinate  valleys  join  to  form  a  main  trunk 
the  two  glaciers  which  fill  them  also  unite  into  one  stream. 
The  result  of  this  upon  the  lateral  moraines  is,  that  while  the 
two  outside  ones  of  the  two  smaller  valleys  continue  to  march 
on  and  to  form  the  flanking  moraines  of  the  greater  valley, 
the  two  inside  moraines  join  more  or  less  into  a  single  stream 
of  debris  which  occupies  the  middle  of  the  larger  glacier,  and 
which  is  known  as  a  medial  moraine.  It  thus  happens  that 
a  large  glacier,  in  addition  to  its  lateral  moraines,  often  also 
has  one  or  more  medial  moraines,  and  several  medial  moraines 
sometimes  coalesce.  Thus  Dr.  Wm.  Wright,  speaking  of  the 
great  Muir  glacier,  says  :  *'  There  are  seven  medial  moraines 
east  of  the  north  and  south  line,  four  of  which  come  in  to 
the  main  stream  from  the  mountains  to  the  south-east.  Near 
the  river  of  the  glacial  amphitheatre  they  are  long  distances, 
in  some  cases  miles,  apart ;  but  as  they  approach  the  mouth 
of    the   amphitheatre   they   are  crowded   closer  and   closer 
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together  near  its  eastern  edge,  until  in  the  throat  itself  they 
are  indistinguishably  mingled.  ...  It  is  the  combination  of 
these  moraines,  after  they  have  been  crowded  together  near 
the  mouth,  which  forms  the  deposit  now  going  on  at  the 
north-east  angle  of  the  inlet  just  in  front  of  the  ice  "  (2%«  let 
Age  in  North  America,  p.  44). 

These  medial  and  lateral  moraines,  together  with  a  certain 
contingent  of  materials  that  have  rolled  down  from  the 
flanking  rocks  and  exposed  beds,  and  have  travelled  farther 
than  the  glacier's  margin,  travel  down  the  glacier's  back 
regularly  and  continuously  so  long  as  the  ice  surface  is  con- 
tinuous and  unbroken. 

If  the  slope  of  the  bed  of  the  glacier  be  neither  continuous 
nor  even,  but  be  in  some  places  at  a  sharp  angle  and  in 
others  at  an  obtuse  one,  or  be  marked  by  hummocks,  the 
strain  upon  the  ice  at  certain  points  will  cause  it  to  crack 
and  gape  and  to  form  crevasses.  These  crevasses  will  remain 
open  BO  long  as  the  strain  exists,  but  when  the  glacier  gets 
on  to  even  ground  they  will  necessarily  close  up  again.  We 
cannot  understand  how  crevasses  can  be  formed,  or  remain 
open  long,  where  ice  is  moving  over  a  level  or  nearly  level 
surface. 

The  result  of  the  formation  of  these  crevasses,  if  the  ice  be 
not  very  thick,  is  that  some  of  the  stones  which  have  fallen 
on  the  glacier's  back  will  tumble  down  the  fissures  and  reach 
the  glsK^ier's  bed.  The  rest  which  escape  this  and  similar 
catastrophes  will  continue  their  journey,  as  before,  to  the 
glacier's  foot.  This  process  has  been  often  observed,  and  is, 
of  course,  an  elementary  experience  in  the  Alps. 

The  debris  falling  on  the  glacier's  back  consists  almost 
entirely  of  angular  and  unweathered  stones,  but  occasionally 
when  the  slopes  of  the  hills  are  partially  occupied  by  old  beds 
of  gravel  these  unweathered  stones  have  a  slight  mixture  of 
rolled  pebbles  which  have  also  rolled  down  on  them.  The 
angular  stones  which  are  recruited  from  the  decaying  crags 
on  either  side  of  the  glacier,  when  they  fall  to  the  glacier  bed 
down  the  crevasses,  get  rubbed  and  pohshed  by  being  pressed 
against  it,  and  if  they  happen  to  fall  into  the  bed  of  a  sub- 
glacial  stream  they  are  rolled  in  it  as  gravel  is  by  other 
streams. 
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The  whole  of  the  stones,  those  which  have  escaped  fall- 
ing down  crevasses  and  those  which  have  so  fallen,  continue 
their  journey  to  the  foot  of  the  glacier,  where  they  are  mixed 
together,  pushed  forward,  and  form  masses  of  heterogeneous 
rubbish,  in  which  angular  and  partially  rubbed  stones  are 
mixed  with  unassorted  sand  and  clay. 

This  heterogeneous  mixture  formed  of  angular  and  rolled 
stones,  of  gravel  and  mud,  accumulates  at  the  bottom  of 
the  glacier  in  a  number  of  irregular  mounds  and  heaps 
which  are  known  collectively  as  a  terminal  moraine. 

All  true  glaciers  or  ice  rivers  flowing  down  enclosed  valleys 
with  overhanging  projecting  rocks  on  either  hand  are,  so  far 
as  we  know,  sentinelled  by  moraines  such  as  I  have  described, 
namely,  by  a  terminal  moraine  and  sometimes  by  two  lateral 
and  a  medial  moraine  made  up  of  mixed  materials  hetero- 
geneously  mixed,  and  for  the  most  part  of  angular  debris.  The 
size  of  these  moraines  will  depend  very  largely  on  the  amount 
of  friable  material  supplied  to  the  glacier. 

Terminal  moraines  are,  as  I  have  said,  deposited  by  glaciers 
at  their  farthest  extent.  The  ice  snout  pushes  the  results 
of  its  own  denuding  work  before  it  and  piles  it  up  in  mounds 
and  hillocks,  the  size  of  which  depends,  of  course,  upon  the 
length  of  the  glacier  and  the  amount  of  materials  with  which 
it  has  been  supplied. 

If  a  glacier  is  gradually  and  continuously  shrinking  it  will 
not  have  time  to  accumulate  rubbish,  and  will  deposit  no 
such  mounds  anywhere  except  at  its  extremity,  but  will 
merely  strew  the  valley  through  which  it  is  retiring  with 
the  debris  which  happens  to  be  on  its  back  and  under  its 
sole  at  the  moment.  This  may  include  some  very  large 
angular  blocks  and  some  rolled  stones.  We  can  see  an 
admirable  example  of  such  conditions  on  the  upper  Bh6ne 
glacier  at  this  moment.  If  its  retirement  is  intermittent 
however,  and  marked  by  occasional  periods  of  stagnation, 
its  route  will  be  marked  by  a  number  of  concentric  rows  of 
mounds,  a  number  in  fact  of  successive  terminal  moraines. 

I  know  of  no  other  deposits  made  or  left  by  modern  glaciers, 
however  big  or  however  small,  than  those  here  mentioned, 
nor  can  I  realise  the  physical  possibiUty  of  deposits  other 
than  these  in  the  case  of  any  conceivable  glaciers. 
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Now  one  of  the  great  difficulties  of  the  ice  men  has  been 
that,  in  this  respect  at  all  events,  the  instrument  to  which 
they  appeal,  and  which  they  have  built  up  out  of  their 
imagination,  must  have  been  entirely  different  to  all  possible 
glaciers.  In  the  first  place,  their  hypothesis  necessitates  the 
covering  up  of  all  available  rock  surfaces  under  thousands  of 
feet  of  ice  and  snow,  where  there  could  not  be  any  available 
exposed  rocks  from  which  to  recruit  their  lateral  or  medial 
moraines. 

I  wish  to  emphasise  this  very  strongly.  When  no  rocks 
project  above  hving  gletciers,  the  glaciers  carry  no  stones  on 
their  backs.  This  is  beautifully  proved  by  the  case  of  Green- 
land. In  those  parts  of  Greenland  where  there  are  no 
munatakker  the  Danish  observers  have  noticed  that  there  are 
no  moraines,  and  it  would  seem  to  follow  that  when,  as  is 
postulated  by  the  extreme  glacialists,  the  whole  of  a  country 
was  buried  deep  in  ice,  and  there  were  no  projecting  rocks 
above  its  surface,  there  could  be  no  boulders  on  its  back. 

Secondly,  suppose  the  ice-sheets  could  receive  a  supply  of 
stones  from  some  transcendental  crags  overtopping  their 
miles  of  ice,  these  stones  must,  if  the  ice-sheets  acted  at  all 
like  glaciers,  have  all  travelled  on  the  ice's  back  and  have 
remained  unweathered,  unpolished  and  unscratched,  for  it 
does  not  seem  possible  to  understand  how  any  crevasses 
could  exist  in  ice-sheets.  A  great  hummock,  or  hump  in  a 
glacier's  bed  may  cause  a  sufficient  strain  to  crack  and  open 
out  a  crevasse  in  ice  two  or  three  hundred  yards  thick  ;  but 
what  possible  hump  or  hummock  is  to  cause  sufficient  tension 
in  a  mass  of  ice  even  a  mile  thick  so  as  to  make  it  crack 
and  gape  is  beyond  my  prosaic  mind  to  conceive.  This 
stupendous  mechanical  difficulty  is  not  met  at  all  by  the 
glacialists,  but  is  quite  ignored  by  them. 

The  fact  is,  that  even  in  the  Alps,  where  the  ice  is  thick,  a 
great  many  of  the  crevasses  do  not  reach  the  bottom  of  the 
glaciers  at  all,  and  the  stones  which  fall  into  them  are 
arrested  midway,  forming  the  so-called  englacial  boulders 
about  which  so  much  astonishing  matter  has  been  written, 
and  to  which  I  shall  revert  presently. 

I  cannot  conceive  (as  a  mere  piece  of  mechanics)  how  it 
is  possible  to  understand  how  crevasses  could  be  formed  at 
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all  in  those  stupendous  ice-sheets  such  as  are  continually 
postulated,  and  bow,  therefore,  if  ice-sheets  acted  like  modern 
glaciers  do,  any  stones  could  under  any  circumstances  either 
reach  the  ice-back  or  the  ice-bed.  The  ice-sheets  would  be 
as  barren  of  stones  as  the  glaciers  of  Central  Greenland  are 
of  moraines. 

These  two  difficulties  would  be  overwhelming  to  most 
students  of  an  inductive  science.  They  have  not  been  found 
insurmountable  by  the  glacial  ists  who  have  a  contempt  for 
induction.  Inasmuch  as  glaciers  and  their  ways  afford 
them  no  support,  they  turn  their  backs  on  them  and  ap- 
peal to  purely  imaginative  conditions. 

Thus,'  to  quote  one  of  them,  Prof.  Dana :  **  The  glacial 
garment  of  North  America  must  have  been  of  radiant  white- 
ness, since  it  enveloped  and  overlay  all  sources  of  spot  or 
stain.  From  New  England  to  the  Mississippi  not  a  peak 
protruded  above  its  unsullied  surface  save  those  of  the  White 
Mountains,  and  they  were  doubtless  capped  with  snow.  The 
dirty  work  in  progress  (and  the  results  show  its  colossal 
amount)  was  carried  on  out  of  sight  in  the  basement  storey 
of  its  lofty  structure.  Even  the  business  of  boulder  trans- 
port proceeded  most  likely,  in  large  measure,  sub-glacially  " 
{Manual,  6th  ed.,  p.  536). 

It  thus  came  about  that  Dana  and  all  his  merry  crew  of  sup- 
porters willingly  and  contentedly  threw  over  lateral  moraines 
and  medial  moraines  and  surface  debris,  recruited  from  crags 
projecting  above  the  ice's  back,  from  their  hypothesis  entirely, 
and  elaborated  an  entirely  transcendental  and  extraordinary 
theory,  namely,  that  ice-sheets  made  their  own  moraines  and 
their  own  drift  entirely  out  of  their  subjacent  beds.  Inasmuch 
as  there  are  no  actual  ice-sheets,  such  as  they  appeal  to, 
existing  anywhere  at  present,  this  appeal  to  cloudland  was 
so  far  effective  that  it  could  not  be  answered  by  any  inductive 
process  any  more  than  any  positive  statement  about  the  con- 
ditions of  the  other  side  of  the  moon  can.  The  only  answer 
available  was  either  to  appeal  to  analogy  or  to  the  laws  of 
physics,  both  of  which  are  cordially  despised  by  the  glacialists. 
Let  us  see  if  this  is  not  literally  the  case.  The  problem  they 
had  to  face  was  first  to  explain  how  the  materials  of  the  drift 
were  obtained,  and,  secondly,  how  they  were  distributed. 


344  ^^^  ^^  Water. 

In  regard  to  the  former  matter  they  first  postulated,  as  I 
have  said,  that  an  ice-sheet  could  break  ap  its  own  bed  by 
its  own  pressure,  and  thus  secure  a  supply  of  materials  out 
of  which  to  manufacture  drift. 

Every  argument  seems  to  concur  against  such  a  view.  I 
have  enlarged  on  the  question  earlier  (vol.  i.,  pp.  424,  425,  and 
vol.  ii.,  11,  283),  and  have  little  to  add  to  what  I  said.  Ice  is 
much  softer  and  more  easily  crushed  than  the  great  majority 
of  rocks,  and  would  itself  be  crushed  and  reduced  to  slush  by 
its  own  pressure  long  before  the  rock  upon  which  it  stands 
could  be  itself  broken.  The  pressure  of  the  ice  again  on 
an  ice-sheet  would  be  uniform  and  not  differential.  It  is  not 
possible  to  invoke  great  changes  of  temperature  at  the  base 
of  an  ice-sheet  which  might  assist  in  breaking  the  beds  by 
alternate  expansion  and  contraction,  for  the  base  of  such  ice- 
sheets  must  have  had  a  temperature  which  was  always  vezy 
low  and  always  nearly  uniform.  We  must  also  remember 
tfie  kind  of  materials  upon  which  the  supposed  crushing  was 
effected.  These  are  not  lumps  of  soft  rock  shovnng  crushed 
outlines,  but  clean  broken  and  shattered  masses  with  their 
surfaces  still  raw  and  unhealed,  consisting  of  the  hardest 
crystaUine  rocks  such  as  granites,  syenites,  porphyries,  etc., 
as  well  as  limestones,  sandstones  and  chalk,  and  we  are  asked 
to  believe  that  the  same  ice-sheets  which  thus  shattered  such 
intractable  materials  in  situ  after  passing  on  a  few  yards 
travelled  over  beds  of  laminated  and  stratified  sand  and  loam 
with  such  a  gentle  touch  as  not  to  disturb  the  laminations. 

I  do  not  deny  or  dispute  that  in  certain  places  (but  these 
are  rare,  and  I  have  seen  none  myself)  the  beds  of  glaciers  are 
locally  broken  up.  It  would  be  strange  indeed  if,  in  a  country 
like  Switzerland,  where  there  has  been  so  much  dislocation 
on  a  large  scale  everywhere,  and  so  much  breakage  of  the 
strata,  an  occasional  instance  of  such  breakage  did  not  occur 
in  the  bed  rock  over  which  glaciers  move ;  but  because  a 
glacier  is  moving  over  a  dislocated  rock  bed  it  no  more  proves 
that  the  ice  broke  up  the  bed  than  the  fact  of  a  cart  rolling 
over  a  macadamised  road  can  be  said  to  have  broken  it  up 
The  word  impossible  is  not  a  favourite  one  of  mine,  but  I  am 
bound  to  say  that,  if  it  is  to  be  applied  to  any  physical  opera- 
tion, I  know  of  none  where  it  seems  so  applicable  as  to  the 
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process  appealed  to  by  the  ultra-glacialists  for  the  manufacture 
of  drift  by  an  ice-sheet  smashing  its  own  bed. 

Having  smashed  its  bed,  and  thus  got  a  supply  of  materials, 
the  ice-sheet  is  next  supposed  to  have  proceeded  to  dig  the 
stones  up  out  of  their  sockets,  and  to  have  thus  obtained  what 
the  glaciers  of  our  day  get  from  the  crags  which  overlook 
them.  I  have  criticised  this  notion  in  more  than  one  place 
already  (vol.  ii.,  pp.  16,  283),  and  have  only  one  argument 
to  add  to  what  I  have  said.  It  is  well  to  remember  what  the 
weight  of  ice  is.  **  Assuming  the  specific  gravity  of  the  ice  to 
have  been  876  compared  with  water  at  1,000,"  says  Jamieson, 
**  then  the  weight  of  a  mass  of  ice  1,000  feet  thick  would  be 
378  lb.  to  the  square  inch,  or  equal  to  fully  25  atmospheres, 
and  would  amount  to  678,675,690  tons  on  every  square  mile. 
If  the  ice  were  3,000  feet  thick  it  would,  at  this  rate,  amount 
to  2,000  million  tons  on  the  square  mile  "  {G&oL  Mag,,  1865,  p. 
403).  It  is  this  gigantic  weight  against  which  the  stones 
would  have  to  push  and  against  which  they  would  have  to  be 
hfted  if  they  were  to  be  pulled  out  of  their  sockets.  The 
process  seems  as  likely  as  that  St.  Paul's  Cathedral  should 
proceed  to  dig  up  its  own  foundations.  It  is  one  of  the 
hypotheses  of  despair. 

Let  us  proceed,  however.  Having  thus  dug  up  tHe  stones 
the  ice-sheet  is  then  supposed  to  have  distributed  them 
together  with  the  matrix  in  which  they  often  lie,  and  it  is 
to  this  distribution  we  must  now  turn. 

Let  us  first  consider  some  of  the  cases  of  the  exceptional 
portage  of  individual  stones,  and  put  the  well-known  case  of 
the  raising  up  of  stones  to  great  heights  above  their  original 
bed  rock,  in  which  process  they  are  supposed  to  have  travelled 
up  hill  and  sometimes  very  rapidly  from  their  original  place 
of  origin  and  bed  rock  (see  Glacial  Nightmare,  pp.  681-682,  and 
also  further  on  in  this  work),  while  in  other  places  the  drift 
has  been  hypothetically  carried  over  hill  and  dale  irrespective 
of  the  drainage  of  the  country.  Those  who  have  faced  the 
conditions  of  the  problem  most  frankly,  have  seen  that  no 
appeals  to  the  ordinary  dynamical  forces  at  the  disposal  of 
ice  when  acting  under  the  influence  of  gravity  would  suffice 
to  explain  these  effects. 

I   have  discussed  the  question  of  the  capacity  of  ice  to 
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raise  stones  in  this  fashion  in  earlier  pages  (vol.  i.,  p.  410,  etc.), 
and  have  little  to  add.  The  fact  that  so  many  of  the  raised 
blocks  are  an^lar  and  unweathered  is  a  great  difficulty  for 
the  ice  men,  for  it  seems  to  point  inevitably  to  their  having 
been  carried,  if  carried  by  ice  at  all,  on  its  back,  or  otherwise 
they  would  be  worn  and  rounded.  If  this  was  so,  then  how 
comes  it  that  these  stones  should  in  certain  cases,  as  in 
Sweden,  for  instance,  be  derived  from  the  lowlands  of  Dale- 
carlia  and  have  been  lifted  on  to  the  Dovrefelds.  No  ice  that 
could  under  any  conditions  have  lifted  them  up  on  to  these 
mountains  could  have  avoided  burying  the  Dalecarlian  country 
deep  down,  and  such  stones  could  therefore  never  have  reached 
the  ice  back. 

Suppose  we  grant,  however,  that  the  ice  took  them  not  on 
its  back  but  underneath  its  foot.     How  did  it  proceed  ? 

I  have  shown  that  this  could  only  have  been  done  to  a  very 
slight  extent,  if  at  all,  by  the  ice  being  pushed  from  behind 
by  actual  direct  pressure,  since  the  modulus  of  cohesion  of 
ice  is  such  that  it  will  crush  and  refuse  to  convey  such 
pressure  for  more  than  a  very  limited  distance  even  when  not 
opposed  by  gravity  {Glacial  Nightmare,  pp.  595-598).  Even 
when  helped  by  gravity  the  stupendous  friction  and  resistance 
of  its  bed  is  a  most  effectual  drag  on  a  glacier's  movement 
Thus  Moseley  calculated  that  the  aggregate  work  of  the  re- 
sistances which  oppose  themselves  to  the  descent  of  a  glacier 
of  the  same  uniform  rectangular  section  and  slope  as  the 
mer  de  glace  at  Les  Fonts,  and  moving  with  the  same  uniform 
velocity,  is  about  thirty-four  times  the  work  of  the  weight  of 
the  glacier  in  the  same  time ;  consequently,  it  is  physically 
impossible  that  the  mere  weight  alone  of  the  glacier  can  be 
the  cause  of  its  descent  (PhiL  Mag.,  xl.,  p.  154). 

The  only  effective  motion  of  a  great  ice-mass,  so  far  as  we 
know,  is,  as  I  have  repeatedly  urged,  the  viscous  move- 
ment of  ice  as  described  by  Forbes.  This  movement,  as  we 
have  seen,  necessitates  that  the  upper  surface  of  the  ice-mass 
should  have  a  certain  slope,  either  caused  by  its  bed  being  a 
sloping  one  or  by  its  being  piled  up  in  the  form  of  a  mound. 
In  order  to  ascertain  the  amount  of  movement  of  such  an  ice- 
mass  on  its  various  layers,  we  have  to  turn  to  the  mechanics 
of  a  viscous  body  in  a  state  of  unstable  equilibrium.     The 
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motion  in  question  is  merely  that  of  the  different  layers 
of  this  body  rolling  over  each  other  under  the  influence 
of  gravity,  as  a  mass  of  treacle  does  on  a  table;  with 
this  proviso,  that  although  ice  is  a  viscous  substance  its 
viscosity  is  so  very  slight  that  its  internal  friction  when 
moving  is  correspondingly  enormous. 

We  know  from  many  experiments  how  slow  is  the  move- 
ment of  a  glacier  on  a  moderately  inclined  bed,  and  nothing  is 
better  ascertained  than  that  the  motion  of  glaciers  gradually 
slackens  as  we  get  on  to  less  inclined  ground  and  that  it  pre- 
sently ceases  altogether.  Even  on  inclined  ground  the  greater 
portion  of  the  motion  is  not  that  of  the  glacier  as  a  whole, 
but  only  of  its  upper  layers,  which  decreases  as  we  go  down- 
wards, and,  so  far  as  we  know,  the  nether  layers  of  a  glacier 
some  distance  from  its  sloping  bed  are  absolutely  quiescent. 
It  seems  to  me  that  in  such  ice-sheets  as  are  postulated  by 
the  ice  men,  whose  movements  are  supposed  to  be  quite  inde- 
pendent of  the  slopes  of  their  beds,  we  must  have  had  on  a 
great  scale  what  we  have  in  a  small  one  in  glaciers  after  they 
have  reached  level  ground,  and  after  they  have  lost  the  momen- 
tum given  them  by  their  sipping  beds.  It  is  for  the  glacial 
champions  to  show  how  ice-sheets  under  such  conditions  can 
be  made  to  move  their  nether  layers,  carrying  with  them  great 
stones,  and  to  do  this  for  long  distances,  and  then  to  proceed 
to  climb  mountains  in  the  very  teeth  of  gravity.  We  must 
always  remember  that  the  only  force  which  could  be  possessed 
by  ice  for  moving  stones  lying  beneath  it  for  hundreds  and 
thousands  of  yards  up  hill  would  be  the  residual  movement 
left  in  the  nether  layers  of  such  a  great  ice  mound  as  the  ice 
men  postulate.  This  mound  is  supposed  to  have  been  lying 
upon  a  flat  or  broken  surface  in  which  the  surface  movement 
(itself  very  slow)  had  gradually  exhausted  its  potential  energy 
in  overcoming  increasing  resistance  and  friction. 

No  one  denies  that  ice,  especially  when  moving  quickly 
down  a  steep  bed,  can  overcome  certain  obstacles  like 
hummocks  and  humps  and  override  them.  This  is  perfectly 
consistent  with  the  laws  of  mechanics,  and  has  been  frequently 
observed.  Thus  Martins  quotes  as  examples  of  such  move- 
ment the  glaciers  of  the  Alalein,  of  the  Tschingol  and  the 
Grunberg.     He  also  points  to  the  succession  of  small  hillocks 
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to  be  seen  in  descending  the  valley  of  the  Aar,  ie.,  (1)  those 
known  as  the  two  Baerenblihls,  (2)  the  rochts  mouUmnSes 
crossed  in  going  from  the  Aar  glacier  to  the  hospice  of  the 
Grimsel,  and  which  form  the  contrefort  of  the  Naegelisgraetli, 
<3)  the  SpitalnoUen,  and  (4)  the  Kirchet,  which  are  marked 
all  over  with  strifiB  snch  as  the  Aar  glacier  is  still  making 
{Discussion  on  Dorocher's  paper,  Etvde  sur  les  phen.  err.^  etc., 
pp.  99,  100).  What  I  claim  to  question  is  the  chmbing  of 
high  mountains  by  masses  of  ice  lying  on  flat  or  broken 
ground,  and  the  consequent  portage  of  great  stones. 

I  have  tried  to  further  analyse  the  conditions  involved  in 
this  view  of  the  older  champions  of  the  glacial  nightmare 
on  previous  pages  (vol.  i.,  p.  410,  etc.),  and  to  show  how 
utterly  they  fail  to  meet  the  conditions  of  the  problem. 
The  view  has  in  fact  been  discarded  by  the  younger  gla- 
ciahsts,  who  have  accordingly  made  a  still  more  fantastic 
appeal  to  forms  and  properties  of  ice  quite  unknown 
to  most  of  us.  They  have  invoked  the  possibility  of  ice 
currents  in  the  ice  mass  itself  moving  up  and  down  hill  and 
canying  included  stones,  currents  moving  athwart  each 
other,  some  upwards  and  some  downwards,  currents  not 
dominated  apparently  by  gravity,  but  moving  quite  arbi- 
trarily and  urged  by  some  unknown  impulse  under  whose 
influence  great  boulders  were  persistently  moved  up  hill,  while 
the  great  mass  of  the  ice  was  moving  down  hill.  The  process 
seems  to  me  as  likely  as  that  stones  should  move  up  hill  in 
the  bed  or  grasp  of  a  mountain  torrent. 

The  notion  apparently  first  suggested  itself  to  Prof. 
Dana.  He  discriminated  between  the  movement  of  the 
upper  and  lower  portions  of  his  ice-blanket.  The  in- 
ferior parts  of  the  great  ice-mass  which  occupied  the 
valleys  and  the  like  he  viewed  as  local  glaciers,  while  he 
seems  to  suppose  that  the  superior  parts  of  the  same  mass 
were  largely  distinct  from  their  lower  parts.  Accord- 
ing to  him,  there  was  a  general  ice-sheet  which  had  its 
peculiar  motion  and  direction,  and  there  were  beneath  it, 
and  to  a  great  extent  separate  from  it,  many  local  glaciers 
each  having  its  characteristic  features,  and  moving  for  the 
most  part  independent  of  the  overlying  ice-stream ;  thus  there 
was  above  and  below,  at  one  and  the  same  time,  not  merely 
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a  difference  in  position,  but  also  in  motion,  and  the  lower 
part  of  the  mass  had  a  distinct  and  an  essentially  different 
direction  (see  Froc,  Bos.  Nat.  Hist.  Soc.,  xv.,  p.  94). 

Goodchild  quotes  Bamsay  as  having  argued  that  it  was 
not  unlikely  that  the  higher  parts  of  a  thick  sheet  of  flowing 
ice  might  be  slowly  moving  in  a  direction  different  from  the 
course  taken  by  the  same  stream  of  ice  at  lower  levels,  and 
that  two  currents  might  move  even  in  diametrically  oppo- 
site directions  over  the  same  point.  '*  In  the  vestiges  of 
former  ice  action  in  the  north  of  England/'  he  continues, 
"  it  seems  abundantly  evident  that  such  must  have  been  the 
case."  This  he  bases  on  the  direction  of  the  striae,  and  argues 
that  the  cases  can  be  traced  from  areas  covering  inches  to 
those  covering  miles  {Ice  Work  in  Edenside,  p.  125 ;  see  also 
Olacial  Nightmare,  p.  679,  etc.,  and  vol.  i.,  pp.  413,  414). 

Upham,  in  his  paper  on  englacial  drift,  speaks  of  "the 
slowly  rising  currents  which  I  believe  to  have  existed  in 
many  portions  of  the  base  of  the  ice-sheet,"  and  he  considers 
the  conditions  most  favourable  for  this  upward  portage  to  be 
the  more  rapid  onflow  of  the  ice-sheet  in  its  upper  and  central 
parts,  and  even  in  the  portion  near  the  ground  but  not  in 
contact  with  it,  than  upon  the  bed  of  the  ice-sheet  where  its 
movement  was  much  retarded  by  friction  {American  Geologisty 
1893,  p.  38). 

Again,  Dr.  G.  W.  Wright,  who  holds  the  same  view,  argues 
it  after  this  fashion.  He  says  that ''  owing  to  the  differential 
motion  of  the  various  superimposed  layers  in  a  moving  mass 
of  ice,  the  boulders  enclosed  in  it  are  subjected  to  a  differential 
strain  in  which  their  upper  portions  are  urged  along  faster 
than  their  lower  ones  ".  This  is  of  course  undisputed.  He 
then  goes  on  to  say,  however,  **  that  this  must  produce  a  move- 
ment slightly  upwards,  the  result  being  that  the  boulders  may 
in  this  way  be  gradually  hfted  up  by  the  ice  itself  from  lower 
to  higher  levels  ".  He  explains  this  by  the  fact  that  the 
boulder  by  intervening  a  barrier  to  the  ice-flow  causes  the 
ice  immediately  in  front  of  it  to  stagnate  somewhat  while 
the  ice  above  moves  on,  and  consequently  the  direction  of 
least  resistance  may  be  slightly  upwards. 

I  confess,  as  I  have  said  before,  that  I  cannot  follow  these 
arguments.     Take  the  great  massif  of  the  Alps  with  its  many 
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valleys  choked  with  ice,  each  one  moving  down  with  inexor- 
able force  along  its  natural  bed,  and  according  to  the  impulse 
of  gravity.  Upon  this  congeries  of  coalescing  glaciers  let  us 
plant  a  mass  of  ice.  How  by  any  known  process  are  we  to 
understand  the  currents  of  the  ice-flow  in  the  upper  layers 
of  the  mass  following  other  paths  than  those  dominated  for 
them  by  the  sloping  surfaces  below  which  already  control 
the  motion  of  these  nether  layers  ? 

Again,  a  mass  of  ice  moving  like  a  viscous  body  must 
necessarily  have  a  faster  motion  in  its  upper  layers  than  in 
its  lower  ones — that  is  to  say,  every  particle  in  the  upper 
layers  of  a  mass  of  moving  ice  is  creeping  downkill  faster  than 
every  particle  below  it.  How  this  differential  motion  can 
cause  a  stone  embedded  in  the  ice  to  move  upwards  &om 
where  the  downward  movement  of  the  matrix  is  slowest  to 
where  it  is  fastest,  seems  to  me  to  pass  the  ingenuity  of  any 
mundane  mechanics  to  explain. 

Again,  in  moving  upwards  at  aU,  the  stone  would  have  to 
overcome  the  tremendous  vertical  pressure  of  the  ice-mass 
above  it,  which,  on  the  other  hand,  would  assist  any  movement 
it  may  make  downwards.  Again,  the  ice  is  moving  on  in  the 
layers  below  the  stone  as  well  as  above  it ;  why  should  the 
stone  therefore  not  move  diagonally  downwards  as  easily  or 
rather  much  more  easily  than  upwards?  Again,  we  know 
experimentally  that  the  ice  flows  freely  round  all  obstacles, 
and  if  there  is  any  stagnation  in  front  of  a  boulder,  it  must 
be  limited  to  a  very  small  layer  indeed.  Apart  from  this,  if 
there  be  a  tendency  thus  to  move  upwards  through  the  ice, 
how  are  the  postulated  ground  moraines  which  are  said  to 
have  accumulated  in  places  to  a  depth  of  hundreds  of  feet 
ever  accumulated  at  all,  or  how  does  a  glacier  bed  ever  be- 
come eroded  ?  Stones  whose  tendency  is  to  move  upwards 
cannot  act  as  scrapers  and  chisels  upon  the  glacier's  bed« 

It  is  quite  true  that  stones  sometimes  occur  embedded  in 
the  mass  of  a  glacier,  and  afterwards  appear  at  its  surface, 
and  thus  superficially  seem  as  if  they  had  travelled  upwards ; 
but  this  is  due  to  a  very  different  process.  If  a  stone  falls 
down  a  crevasse,  and  is  arrested  before  it  reaches  the  floor 
of  the  glacier,  it  will,  when  the  crevasse  closes  up  on  level 
ground,  be  embedded  in  the  ice.     If,  again,  a  stone  or  a  group 
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of  stones  lie  on  the  back  of  a  glacier,  and  a  succession  of 
snowfalls  come  upon  it,  which  snow  is  converted  into  ice 
subsequently,  it  or  they  will  become  embedded  in  solid  ice, 
and  in  this  way  so-called  englacial  drift  may  be  formed. 
When  by  ablation  or  by  the  direct  rays  of  the  sun  a  certain 
quantity  of  the  surface  of  the  glacier  is  subsequently  removed, 
these  embedded  stones  will  appear,  like  the  embedded  remains 
of  the  famous  Austrian  travellers  lost  three  centuries  before 
they  appeared  on  the  surface  of  the  glacier  of  Thiedul  in 
1885 ;  but  this  is  not  by  any  process  of  travelling  upwards 
through  the  ice  from  its  bed  to  its  surface,  for  which  no 
mechanical  explanation  seems  in  any  way  available,  but  by 
the  uncovering  of  what  was  always  in  mid-ice.  What  is  true 
of  travelling  upwards  is  equally  true  of  travelling  downwards, 
or  perhaps  more  true,  for  it  involves  the  stones  travelling 
from  less  to  more  dense  strata  of  ice,  and  from  layers  under 
slight  pressure,  and  therefore  friction,  to  layers  under  great 
pressure  and  great  friction.  The  stones  will,  in  fact,  move 
with  the  layers  in  which  they  are  embedded,  although  more 
slowly. 

The  fact  of  finding  boulders  half  buried  in  the  ice  has 
misled  those  observers  who  claim  to  have  seen  stones  travelling 
upwards.  Of  course  they  have  not  actually  seen  the  stones 
move,  they  have  merely  seen  them  embedded  in  the  ice  and 
appearing  at  the  surface,  and  they  have  assigned  a  quite 
transcendental  cause  for  it.  The  question  is  one  of  mechanics, 
to  be  dealt  with  by  mechanical  arguments,  and  it  seems  to 
me  to  be  the  height  of  rashness  for  geologists  who  are  quite 
guiltless  of  any  training  or  knowledge  as  physicists  to  appeal 
to  transcendental  causes,  whose  potency  they  have  not  tested, 
and  which  are  treated  as  contrary  to  the  laws  of  physics  by 
those  specially  familiar  with  the  latter. 

They  habitually  argue  in  a  circle.  Finding  a  big  stone  on 
a  mountain  many  hundreds  of  feet  above  its  bed  rock,  avd 
having  made  up  their  minds ,  a  priori,  like  the  schoolmen  in  the 
dark  ages,  that  their  detis  ex  ma^hina,  ice  and  ice  alone,  did 
it  all,  they  have  to  attribute  to  ice  qualities  which  it  not 
only  does  not  possess,  but  which  are  contrary  to  the  very 
elementary  laws  of  matter. 

The  process  of  ablation  above  described  naturally  tends  to 
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accumulate  whatever  debris  has  been  entrapped  in  the  mass 
of  the  ice  in  its  lower  layers,  and  it  thus  accounts  for  the 
fact  that  in  some  places  these  lower  layers  are  gorged  with 
stones  and  debris,  whose  ultimate  'prof^oenanoe  is  not  from  the 
ice  bed  but  from  the  ice  back.  What  I  am  protesting  against 
is  the  possibility  of  stones  being  able  to  move  up  and  down 
in  glaciers  and  ice-sheets  quite  in  the  teeth  of  gravity. 
Whatever  explanation  is  to  be  given  of  the  raising  up  of 
boulders  from  valleys  to  mountain  tops,  this  particular  one 
of  their  having  done  so  through  some  occult  faculty  of  ice 
seems  inevitably  excluded. 

These  a  priori  arguments  are  amply  substantiated  by  what 
takes  place  in  the  nearest  analogue  we  can  compare  these  ice- 
sheets  with.  Thus  Garwood  and  Gregory  write  in  reference 
to  Spitzbergen  with  regard  to  the  motion  of  ice :  "  We 
found  nothing  inconsistent  with  the  view  that  the  flow  is 
due  to  the  action  of  gravity  alone.  The  one  apparent  case 
of  uphill  advance  with  which  we  met  may  be  as  easily  ex- 
plained by  local  subsidence  of  the  upper  part  of  the  glacier, 
owing  to  diminished  snowfall,  as  by  assigning  chmbing  powers 
to  the  ice.'* 

Let  ufi  now  move  on  again  to  another  feature  in  the  distri- 
bution of  the  individual  stones  in  the  drift,  which  seems  to 
have  very  effective  lessons  for  us,  namely,  the  divergence  of 
the  directions  along  which  they  have  drifted. 

It  must  be  mentioned  that  we  have  not  to  do  in  this  matter 
with  local  glaciers  which  come  down  different  valleys  bearing 
local  varieties  of  rock,  and  whose  course  might  therefore  be 
radiate  and  divergent,  but  with  ice-sheets  which  are  supposed 
to  have  marched  across  continents  regardless  of  hill  and  dale. 
How  was  it  possible  for  such  ice-sheets  to  carry  stones  in 
directions  sometimes  at  right  angles  to  each  other,  and 
sometimes  in  opposite  directions,  and  to  collect  them  in  the 
same  place  from  all  points  of  the  compass,  as  they  are  found 
collected  in  North  Germany,  in  East  Anglia,  and  in  many 
places  in  America.  The  problem  quite  passes  my  compre- 
hension. The  ice  men  have  invented  theories  to  meet  the 
case,  as  they  invented  one  to  meet  the  case  of  the  supposed 
portage  of  the  boulders  uphill. 

On  this  subject  Mr.  Jukes-Browne  has  spoken  with  great 
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effect.  Speaking  of  the  Leicestershire  drift,  he  says  :  "It  is 
obvious  that  the  chalky  fragments  must  have  been  brought 
from  the  north-east,  the  carboniferous  rocks  can  only  have 
come  from  the  north  or  north-west,  and  the  marlstone  blocks 
travelled  in  all  probability  from  west  or  south-west  of  the 
places  where  they  are  now  found.  .  .  .  When  we  consider 
the  remarkable  distribution  of  the  stones  and  boulders  in  the 
clay  of  this  area,  the  greater  proportion  of  chalk  detritus  on 
the  eastern  slopes,  and  of  Jurassic  detritus  on  the  western 
slopes,  the  fact  that  enormous  masses  of  marlstone  occur 
many  miles  to  the  eastward  of  the  only  place  whence  they 
can  have  been  derived,  the  position  of  the  large  boulder  of 
Combrash,  near  Ingoldsby,  and  the  occurrence  of  lower  has 
limestone  at  Croxton,  300  feet  above  its  level,  the  steep  slope 
of  the  oolitic  escarpment  up  which  the  ice  must  have  passed, 
the  difficulties  in  the  way  of  applying  the  prevalent  land-ice 
hypothesis  becomes  considerable  "  (Mem.  South-toest  Leicester- 
shire, Sheet  70,  pp.  82,  83).  While  some  have  explained 
these  facts  by  means  of  ice-sheets,  others  have  assigned  them 
to  icebergs  and  shore-ice.  How  such  agencies  could  collect 
oolite  blocks  from  Leicestershire  and  pieces  of  hard  chalk 
from  Norfolk,  and  mix  them  with  the  low-lying  Oxford  or 
Eimeridge  clays  of  the  Fenland  or  of  the  valley  of  the 
Ancholme,  and  then  spread  them  out  as  we  see  them  spread 
out  from  Suffolk  in  the  east  into  the  Central  Midlands,  passea 
my  belief. 

It  seems  plain  that  whatever  force  or  engine  mingled  the 
chalky  clays  as  we  find  them,  it  must  have  been  one  that 
could  take  up  fragments  of  rock  from  the  north  and  east 
and  west,  and  move  them  in  directions  opposite  and  contrary 
to  each  other.  It  must  have  been  able  to  move  not  in  direct 
lines  and  in  one  direction  but  in  various  directions,  and  thus 
bring  together  and  mix  together  the  debris  from  the  four 
points  of  the  compass  in  one  common  medley,  and  having 
done  so  could  redistribute  it  as  we  find  it  distributed,  namely, 
sporadically,  from  the  low  ground  of  the  Pen  country  where 
the  matrix  of  the  clay  occurs.  It  must  have  been  able  to  move 
the  oolitic  and  lias  fragments  of  Rutland,  Northamptonshire 
and  Leicestershire  to  the  heights  near  Southwold  in  Suffolk, 
the  red  chalk,  carstone  and  limestone  of  Lincolnshire  far  to 
11.  23 
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the  south  of  Cambridge,  and  the  chalky  fragments  from  the 
chalk  expanses  far  to  the  east  into  middle  England,  and 
then  redistribute  them  over  the  wide  space  from  Essex  to 
Warwick. 

In  my  Glacial  Nightmare  (p.  753)  I  have  quoted  similar 
cases  of  the  mixture  of  boulders  coming  from  different 
directions,  from  Central  England  and  from  Lincolnshire; 
others  again  from  North  Wales  (p.  756),  from  America  (p. 
764,  etc.,  and  especially  pp.  769  and  770),  and  from  Germany 
(pp.  730-732). 

Two  explanations  have  suggested  themselves  to  the  ice 
men,  one  of  which  seems  to  me  quite  arbitrary,  and  is  like  the 
theory  by  which  they  explain  divergent  strisB  on  the  rocks 
and  boulders.  They  claim  that  these  boulders  found  together 
and  mixed  up  together  in  the  same  beds  are  the  result  of  the 
portage  of  entirely  different  ice-sheets,  dating  from  different 
times  and  coming  from  different  quarters.  For  this  there  is 
no  evidence  of  any  kind  known  to  me,  save  the  necessity  of 
explaining  a  desperate  difficulty  by  a  desperate  argument. 
What  could  induce  ice-sheets  to  culminate  first  in  one  low- 
lying  region  then  in  another,  making  them  foci  of  distribution, 
and  to  move  at  one  time  in  one  direction  and  at  another  in  a 
different  one  altogether,  apart  from  the  lines  of  least  resist- 
ance and  the  contour  of  the  surface  ?  Surely  again  we  ought 
in  such  cases  to  find  a  succession  of  beds  marked  by  different 
kinds  of  stones  and  not  a  hotch-potch. 

This  view  is  maintained,  however,  by  only  a  few.  A  more 
numerous  body  of  glacialists  have  had  recourse  to  another 
and  even  wilder  explanation,  namely,  that  of  divergent  and 
convergent  currents  in  the  ice-sheets,  which  are  supposed  to 
have  occasionally  flowed  at  right  angles  and  even  in  direct 
opposition  to  each  other,  and  sometimes  in  combination 
with  the  movement  of  the  stones  up  and  down  the  ice-sheeta 

Goodchild's  is  not  a  bad  example  of  this  kind  of  reasoning. 
Thus  he  says :  **  On  the  outskirts  of  the  Lake  District  there 
are  many  instances  of  boulders  of  certain  rocks  that  have 
first  travelled  outwards  under  the  influence  of  the  local 
currents,  and  then,  as  they  worked  their  way  upwards  in  the 
ice  and  came  under  the  influence  of  the  upper  currents  that 
were  setting  inland  from  the  Solway,  they  were  swept  back 
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again  on  the  ice  towards  the  heart  of  the  mountains.  .  .  . 
In  the  Eden  valley  there  are  abundant  instances  of  this 
cross-transportal  of  drift  materials"  (Ice  W(yrk  on  Edenside, 
p.  501). 

Goodchild  especially  mentions  how  in  consequence  of  his 
cross  currents  in  the  ice,  stones  from  Galloway  (Criflfel  granite, 
etc.),  Shap  granite  and  other  detritus  from  the  north  side  of 
the  Lake  District,  stony  matter  from  the  Cross  Fell  escarp- 
ment and  materials  transported  in  various  directions  from  the 
higher  parts  of  Edenside  were  mixed  with  each  other  and 
with  local  debris.  He  also  calls  attention  to  certain  areas 
in  the  north  of  England  that  were  never  glaciated  by  ice, 
and  agrees  with  Ward  that  there  is  no  clear  proof  that  any 
polar  ice  swept  clean  over  the  Lake  District,  nor  over  the 
other  mountain  masses  in  the  north.  He  attributes  the 
inland  and  uphill  movements  of  the  ice  to  the  stoppage  of 
the  natural  outlets  for  the  ice  deploying  upon  the  Solway, 
which,  however,  was  not  the  Greenland  ice,  but  was  propa- 
gated in  a  south-east  direction  by  accretions  of  local  ice.  In 
the  Lake  District  the  bottom  layers  of  ice  radiated  out  from 
the  high  lands  and  maintained  their  initial  direction  of  move- 
ment in  some  instances  miles  away  from  their  starting-point, 
as  is  shown  by  the  glacial  strisB.  Such  strisB  occur  as  far  as 
Blencow,  near  Penrith,  and  at  Skelton  still  farther  off,  and 
clearly  point,  he  says,  to  glaciation  outward  from  the  Lake 
District.  He  urges,  however,  that  while  this  was  the  case 
with  the  bottom  layers  of  ice,  other  layers  had  differential  move- 
ments, which  brought  to  one  place  materials  from  all  points 
of  the  compass,  and  occasionally  transported  boulders  at  a 
high  level  in  opposite  directions  to  that  of  their  initial  course. 

All  this  seems  to  me  mere  dreaming,  and  I  hold  it  to  be 
perfectly  monstrous  that  geologists  of  weight,  especially 
official  geologists,  should  spin  cobwebs  of  this  kind  without 
the  slightest  attempt  to  correlate  their  results  with  any 
causes  which  the  physicist  would  tolerate  as  possible. 

It  will  be  remembered  that  the  champions  of  this  theory  of 
internal  currents  in  the  ice  are  also  those  who  claim  for  it 
the  feature  of  moving  at  times  in  such  straight  and  rigid  lines 
that  it  has  been  able  to  striate  scores  of  miles  of  country  with 
a  broken  contour  with  perfectly  straight  striae. 
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So  much  for  the  theories  which  have  been  invented  to 
explain  the  movement  of  boulders  from  lower  to  higher 
levels,  and  the  converging  of  rocks  from  many  districts  to 
certain  particular  spots. 

Let  us  now  turn  to  another  puzzle,  namely,  the  explanation 
of  the  existence  and  transport  of  great  tabular  masses  of  rock, 
especially  chalk,  sometimes  several  hundred  yards  long,  em- 
bedded in  the  drift  beds  and  padded  all  round  by  sand  or  clay, 
of  which  the  typical  examples  occur  in  Norfolk,  where  they 
may  be  seen  lying  in  the  so-caUed  contorted  drift  in  the 
Cromer  cUffs,  of  different  sizes,  from  seven  or  eight  yards 
long  to  as  much  as  180  yards,  but  seldom  exceeding  four 
yards  in  depth.    They  also  occur  inland. 

Thus  Prof.  Judd  (see  Gtol,  Surv,  Maps,  Sheet  64,  Butland, 
etc.)  says  :  ''  The  transported  masses  of  local  rocks  are  some- 
times of  enormous  size,  especially  in  the  northern  portion  of 
this  area  and  in  that  to  the  south.  The  attention  of  geologists 
was  first  directed  to  these  great  transported  masses  by  Prof. 
Morris,  who  foimd  that  at  the  south  end  of  the  Stoke  tunnel 
on  the  Great  Northern  Bail  way  an  enormous  mass  of  Lincoln- 
shire oolite  limestone  lay  on  undoubted  boulder  clay.  During 
the  mapping,  by  Messrs.  Holloway,  Skertchley  and  myself,  of 
the  districts  which  I  have  indicated,  we  have  found  a  number 
of  such  transported  masses,  some  of  them  far  exceeding  in 
size  that  described  by  Prof.  Morris,  and  composed  both  of  the 
inferior  oolite  and  the  marlstone  rock  bed.  .  .  .  The  largest 
of  these  transported  masses,  that  capping  Beacon  Hill  (on 
Sheet  70),  is  more  than  200  yards  across,  and  is  composed  of 
the  marlstone  rock  bed.  It  is  noteworthy  that  these  masses 
always  belong  to  the  rocks  which  form  the  highest  ground  " 
(Oeol,  of  Butland,  p.  246).  The  mass  of  oolite  above  referred 
to  as  having  been  described  by  Prof.  Morris  is,  he  says,  430 
feet  long  and  at  its  deepest  part  thirty  feet  thick,  and  is 
underlaid  by  seven  feet  of  drift  {Quart,  Joum.  Geol.  Soc.,  Ix., 
pp.  318-320). 

These  great  masses  of  shifted  rock  occur,  of  course,  else- 
where. Notable  examples  are  those  at  Eoslyn  Hole,  near  Ely, 
consisting  of  a  mass  of  chalk,  gault  and  upper  greensand, 
over  480  yards  long  and  forty-four  wide,  the  great  Merton 
boulder  in  West  Norfolk,  and  more  remarkable  than  all,  the 
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great  mass  of  chalk,  twenty  miles  square,  recently  found 
by  Mr.  Cameron  on  the  borders  of  Huntingdonshire  and 
Bedfordshire. 

Similar  phenomena  have  occurred  in  America.  Thus  Win- 
chell  describes  how  "in  the  north  part  of  Linawee  and 
Hillsdale  counties,  and  the  south  and  east  parts  of  Jackson, 
the  south  and  west  parts  of  Washtenard  county  in  Lower 
Michigan,  there  are  found  numerous  tabular  detached  masses 
of  limestone,  sometimes  cropping  out  on  the  hillside  like  a 
ledge  in  a  plane,  and  sometimes  embedded  two  or  three  feet 
in  sand  and  gravel  at  the  summit.  They  are  generally  for 
the  most  part  slightly  tilted  in  one  direction  or  another 
They  are  sometimes  six,  eight  or  twelve  feet  square,  and 
sometimes  many  hundreds  of  bushels  of  lime  have  been  burnt 
from  them.''  Numerous  special  instances  are  described  in 
detail  "These  tabular  masses  have  not  been  rolled.  By 
some  agency  they  have  been  lifted  gently  from  their  original 
sites  and  carefully  deposited  where  we  find  them.  .  .  .  The 
abundant  gravel  remains  found  in  them  show  they  belong 
to  the  comiferous  limestone,  as  exposed  along  the  west 
shore  of  Lake  Erie  and  at  numerous  points  throughout  the 
county  of  Mourse.  .  .  .  These  masses  have  been  trans- 
ported, for  they  are  found  resting  over  the  Hamilton  group, 
the  Marshall  group  and  the  carboniferous  limestone,  and 
I  am  pretty  well  convinced,  even  in  some  cases,  as 
far  north  as  the  coal  measure."  Winchell  urges  that 
these  masses  have  not  been  transported  from  the  northern 
outcrop  of  the  rocks  in  North  Michigan :  (1)  Because  the 
transporting  force  has  moved  no  stones  so  big ;  (2)  because 
they  would  have  been  broken  up,  worn  and  rounded,  if  so 
transported,  if  we  may  judge  from  what  happened  to  the 
crystalline  boulders ;  (3)  if  they  had  been  so  the  harder  and 
more  massive  Niagara  hmestone  of  the  same  regions  would 
also  have  been  transported,  so  with  the  Trenton  limestone. 
Small  fragments  of  the  cornif erous  limestone  hardly  occur  at 
all,  while  the  remains  of  the  other  rocks  just  mentioned  are 
exceedingly  scarce.  He  derives  them  from  the  south  where 
the  comiferous  limestone  crops  out  in  North  Indiana  and  Ohio 
and  the  south-east  comer  of  Michigan,  and  says  that  they  have 
been  transported  northwards.     The  formation  dips  under  the 
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peninsula  of  Michigan,  and  thronghoat  the  area  occupied  by 
the  masses  in  question  it  lies  from  100  to  1,200  feet  beneath 
the  surface.  Boulders  of  the  Hamilton  group  found  with 
the  masses  have  apparently  travelled  the  same  way,  so 
with  nodules  of  kidney  iron  ore  and  pieces  of  Marshall 
sandstone. 

Winchell  points  out  that  in  Alabama  "the  red  loam,"  which 
is  the  rotten  limestone  of  the  cretaceous  series  weathered 
in  situ,  has  been  moved  northward  over  the  clayey  and  sandy 
region  appertaining  to  the  lower  cretaceous  (Amer,  Joum.  of 
Science,  xl.,  pp.  331-338). 

In  a  further  paper  the  same  writer  refers  to  other  instances 
of  the  same  kind  in  masses  of  carboniferous  limestone  from 
ten  to  sixty  feet  in  length,  and  often  of  unknown  thickness, 
floating  in  the  sands  of  Oceana  County,  apparently  100  or 
200  feet  above  the  bed  rock ;  some,  he  thinks,  may  be  in  situ, 
others  are  demonstrably  severed  and  displaced  portions  of 
it.  The  sands  in  question  are  semi-stratified,  and  the  masses 
have  travelled  northwards  {ibid.,  xL,  November,  1865). 

These  gigantic  boulders  have  been  a  great  puzzle  to  the  ice 
men,  and  have  led  to  the  most  extraordinary  mental  gyrations 
in  trying  to  explain  them.  The  explanation  of  their  detach- 
ment from  the  base  rock  is  as  dilSScult  to  them  as  that  of 
their  transport.  The  land-ice  men  have  invoked  their  notions 
about  ice  smashing  its  bed,  which  we  have  already  criticised 
and  which  seems  particularly  inept  in  the  case  of  these  long, 
narrow,  ribbon-like  strips  of  chalk,  and  sometimes  of  chalk 
attached  to  gault,  etc.,  and  detached  intact  with  the  rows  of 
flint  in  place.  How  the  surgical  or  mechanical  operation  could 
be  performed  passes  all  belief,  especially  when  we  remember 
that  this  same  ice-sheet  in  this  same  part  of  England  is  sup- 
posed to  have  travelled  over  finely  laminated  beds  without 
disturbing  the  laminations.  The  agent  whose  gentle  tread  is 
thus  attested,  is  supposed,  in  the  words  of  the  extreme  cham- 
pions of  ice,  to  have  ''forced  up  the  chalk  beds  into  a  long 
fold,  which,  under  continued  pressure,  was  gradually  bent 
over  in  the  direction  of  movement,  until  the  top  of  the  in- 
verted fold  was  sheared  ofif  and  the  detached  mass  driven  up 
an  incline  and  forced  into  the  overlying  ground  moraine  " ! ! ! 
Is  this  science,  or  what  is  it? 
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It  is  just  as  dilSScalt  to  understand  the  transportation  of 
these  masses. 

Speaking  of  these  enormous  chalk  boulders,  Mr.  Mellard 
Beade  says:  ''How  horizontal  masses  of  such  longitudinal 
dimensions  could  be  conveyed  and  embedded  in  mud  and  sand 
with  so  little  fracture  is  one  of  the  suggestive  problems  pre- 
sented for  our  solution.  ...  It  is  plain  to  see  that,  as  a  rule, 
the  junction  of  the  external  surface  of  the  chalk  with  the 
drift  in  which  it  is  embedded  is  marked  by  laminated  beds 
of  the  drift  a  few  inches  in  thickness,  enwrapping  the  mass  or 
boulder,  as  shown  in  the  numerous  examples  figured.  The 
most  surprising  thing  about  the  boulders  is  perhaps  the 
length  and  extreme  tenuity  some  of  these  masses  attain,  to- 
gether with  the  remarkable  way  in  which  the  continuity  of  the 
chalk  is  preserved  without  disruption.  ...  A  mass  between 
Cromer  and  Sheringham  is  about  120  feet  long ;  I  judged  it 
to  be  about  twelve  feet  in  its  thickest  part,  thinning  out 
gradually  northward  at  its  lower  end,  where  I  measured  it,  to 
only  nine  inches.  This  part  I  could  reach  with  my  hammer, 
and  found  it  to  be  solid,  compact  chalk.  The  flints  follow  the 
form  of  the  mass,  showing  that  it  has  been  to  some  extent 
bent,  but  I  could  discover  no  fracturea  The  most  remarkable 
fact  I  have  to  record  as  bearing  upon  its  mode  of  transport 
was  a  bed  of  shells  about  two  or  three  inches  thick,  consist- 
ing of  broad  valves,  closely  packed  and  crowded  together,  and 
above  it  was  a  similar  bed.  .  .  .  Where  these  shells  occurred 
the  boulder  was  underlain  by  contorted  beds  of  sand  and 
above  by  sands  widely  stratified  in  the  direction  of  the  upper 
surface.  .  .  .  Lyell  in  his  paper  in  the  Philosophical  Magazine, 
1840,  shows  also  haw  the  lamination  and  folding  of  the  drift 
in  contact  with  the  masses  conforms  to  their  outline." 

While  it  is  quite  plain  that  no  masses  of  included  rock 
of  these  vast  dimensions  occur  of  the  harder  and  primary 
rocks,  the  sandstones,  gneisses,  granites,  syenites,  eta,  masses 
of  marlstone,  rock  bed,  of  oolite,  and  of  chalk  and  gault  of 
enormous  proportions  have  been  described,  as  we  have  seen, 
by  Morris,  Judd,  Skertchley,  Bonney  and  others,  as  found 
embedded  in  the  boulder  clay  of  Lincolnshire,  Rutland,  etc. 
These  all  possess  one  common  characteristic,  m^.,  that  they  are 
long,  shallow  and  narrow.     In  regard  to  their  mode  of  trans- 
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portation,  Mr.  M.  Beade  says :  ''  The  transporting  agent,  what- 
ever it  may  have  been,  could  convey  them  for  many  miles. 
Prof.  Judd  considers  that  some  of  the  boulders  he  describes 
from  the  marlstone  rock  bed  have  travelled  not  less  than 
thirty  miles.  Land-ice,  he  says,  is  out  of  the  question ;  the 
effect  of  a  glacier  is  to  grind  its  bed  into  an  impalpable  mud  ; 
and  I  cannot  conceive  any  means  by  v^hich  an  ice-sheet  could 
tear  up  masses  from  the  bed  of  the  rock  it  passes  over  and 
detach  them  in  this  way.  An  iceberg  is  only  the  detached 
termination  of  a  glacier  or  a  sheet  of  ice,  and  the  same  diffi- 
culty applies  to  this  mode  of  origin,  with  the  additional 
difficulty  of  requiring  a  great  depth  of  water  for  flotation  or 
transport.  .  .  .  That  a  mass  of  this  shape  and  form  could  be 
pashed  up,  enveloped  in  drift,  by  a  Scandinavian  or  any  other 
ice-sheet,  and  preserve  its  continuity  undisturbed,  appears  to 
me  to  be  all  but  inconceivable." 

Mr.  M.  Beade  then  goes  on  to  suggest  that  the  masses  were 
broken  off  cliffis  or  escarpments  and  rolled  or  fell  upon  pack- 
ice  or  shore-ice.  He  says :  **  Pack-ice  driven  on  to  the  shore 
and  piled  up  over  and  around  it,  and  then  in  winter  frozen 
into  a  sheet  or  ice-foot,  might  assist  the  accumulation  until 
a  raft  were  found  sufficient  to  float  off  boulders  of  the  largest 
dimensions  ". 

In  illustration  of  his  argument  he  quotes  Mr.  Trimmer, 
who  says :  ''Sir  Edward  Parry  found  for  miles  along  the 
coast  near  Melville  Island  a  dark  blue  stratum  of  solid  ice, 
embedded  in  the  beach  at  the  depth  of  ten  feet  under  the  sur- 
face of  the  water.  While  Dr.  Bae  describes  how  at  Bepulse 
Bay,  during  the  spring  of  1847,  boulders  situated  at  low  water- 
mark were  frozen  into  flow-ice,  and  being  lifted  by  the  rise 
and  fall  of  the  tide  became  eventually  encased  in  the  ice 
which  he  found  to  measure  eight  feet  thick.  In  the  spring, 
by  the  double  effect  of  thaw  and  evaporation,  the  upper  sur- 
face of  the  ice  was  removed,  so  that  the  stones  that  were 
formerly  at  the  bottom  of  the  sea  now  appeared  in  the  surface 
of  the  ice  as  if  dropped  there  from  a  cliff"  (Qiwtr^.  Jowm.  OeoL 
Soc.,  1882,  pp.  229-235). 

Mr.  Osmond  Fisher  calculates  {Oeol.  Mag.,  1868,  p.  560) 
''  that  flotation  cannot  take  place  unless  the  earthy  matter 
does  not  exceed  one-twentieth  in  bulk  of  the  whole  mass. 
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If  therefore  a  mass  of  chalk  600  x  60  x  60  feet  is  to  be 
rafted  off,  it  would  require  ice  equal  to  432,000,000  cubic 
feet  including  the  rock  to  effect  it,  or  a  combined  mass  1,200 
feet  long  by  600  feet  broad  and  60  feet  thick.  That  such  a 
raft  is  a  possibility  it  would  be  difficult  to  deny.  With  an 
ice-raft  of  this  nature  resting  upon  the  inclined  plane  of  a 
shore,  and  subject  also  to  the  lifting  power  of  the  tides,  it  is 
not  difficult  to  conceive  how  such  a  mass  once  set  in  motion 
would  launch  itself  out  into  the  sea." 

"  In  some  such  way,"  says  Beade,  "  I  conceive  the  puzzling 
*  boulders '  have  been  derived  and  transported,  and  it  is  readily 
realisable  that  with  a  large  superficial  raft  of  ice  the  melting 
power  of  the  sea- water  acting  on  an  extensive  surface  might 
soon  cause  them  to  founder.  In  many  cases  the  sinking 
has  been  very  gentle,  or  the  mass  would  be  more  fractured 
than  it  is.  .  .  .  But  the  vertical  displacement  is  not,  in  my 
opinion,  sufficient  to  account  for  all  the  contortions  of  the 
drift  in  which  we  find  them  embedded ;  .  .  .  lateral  force  has 
had  a  great  deal  to  do  with  the  folding  of  the  strata.  I  con- 
ceive that  the  drift  of  Cromer  formed  a  large  submarine  bank, 
and  that  the  sea  was  sufficiently  shallow  to  allow  of  the  ice- 
rafts  and  their  burdens  often  grounding.  If  this  be  so,  it  is 
not  difficult  to  see  that  the  impact  of  a  mass  of  ice  and  rock 
weighing  1,200,000  tons  would  be  quite  sufficient  to  disturb, 
bend,  fold  and  contort  the  stratified  beds  of  yielding  mud, 
clay,  sand  and  gravel.  If  such  ice-masses  with  their  burdens 
sank  into  yielding  mud  vertically,  or  were  driven  into  it  by 
lateral  pressure,  the  melting  of  the  ice  encircling  the  boulder 
might  account  also  for  some  of  the  contortions  of  the  sur- 
rounding beds.  I  have  shown  that  the  drift  frequently  has 
an  apparent  stratification,  concentric  with  the  surface  of  the 
boulder,  and  not  only  encircling,  but  frequently  penetrating 
it." 

In  the  discussion  that  followed,  Prof.  Judd  said  he  agreed 
with  the  author  that  the  transported  masses  must  have  been 
conveyed  by  floating  shore-ice,  and  could  not  have  been  carried 
by  any  form  of  land-ice  or  iceberg.  The  Bev.  S.  EQU  found 
it  difficult  to  understand  how  the  rock  masses  could  be 
separated  from  cliffs  without  being  overturned  (op.  dty  pp. 
236-237). 
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I  am  bound  to  say  I  cannot  follow  the  arguments  ased 
by  my  distinguished  friends  on  that  occasion.  In  the  first 
place,  it  seems  incredible  that  the  grounding  of  an  ice-mass 
on  a  chalky  cliff  should  detach  long,  ribbon-like  masses 
of  chalk  with  their  layers  of  flint  intact,  or,  in  fact,  detach 
them  at  all.  Nor  can  I  see  how  by  any  possible  means 
icebergs,  or  floating  ice  of  any  kind,  could  either  get  hold  of, 
or  move  about,  or  transplant  these  enormous  cakes  of  chalk, 
oolite,  etc.,  many  hundreds  of  feet  in  length,  or  underlay 
them  with  soft  drifted  sand  and  clay.  If  they  were  foreign 
bergs  or  floating  ice,  how  could  they  by  any  means  take  up  or 
detach  these  monster  boulders  ?  They  could  not  get  them 
on  their  backs,  for  the  chalk  is  at  the  sea-level ;  how  could 
they  attach  them  to  their  feet  ?  Floating  bergs  cannot  get 
frozen  to  anything.  What  applies  to  bergs  applies  also  to 
shore-ice.  Shore-ice  will,  no  doubt,  move  stones  along  shore, 
and  sometimes  push  stones  up  sloping  beaches,  but  it  cannot 
take  up  great  masses  of  chalk  and  deposit  them  in  beds  of 
loamy  sand  with  their  laminations  intact.  Besides,  shore- 
ice  implies  a  shore,  and  how  was  it  possible  to  have  a  shore 
at  Cromer  or  in  Mid-Lincolnshire  when  the  hypothesis  must 
be  applied  to  the  great  stones  in  Rutland  and  other  inland 
counties  if  they  have  to  be  similarly  explained  ?  Nor  are  there 
any  traces  of  shingles  or  old  beaches  where  these  chalky 
cakes  occur.  Mr.  O.  Fisher,  who  approaches  the  problem 
after  calculating  the  conditions,  requires  ice-floes  sixty  feet 
thick,  which  would  bring  the  conditions  of  the  Palseocrystic  Sea 
into  the  latitudes  of  Lincolnshire  and  Norfolk.  How,  again, 
could  the  North  Sea,  if  so  frozen,  have  any  tides  or  any 
shore  action  such  as  is  suggested  ? 

To  return,  however,  to  the  land-ice  men  and  to  other  of  their 
transcendental  modes  of  boulder  transport,  and  especially  to 
their  cross-currents  in  ice. 

How  the  kind  of  reasoning  they  patronise  on  this  subject  is 
tolerated,  and  how  it  is  possible  to  call  it  science,  I  do  not 
know.  To  import  what  takes  place  sometimes  among  slightly 
aggregated  forms  of  matter,  such  as  hquids  and  gases  where 
cross-currents  frequently  occur  and  can  be  easily  explained, 
into  matter  in  virtually  the  solid  state  like  ice,  and  to  invoke 
internal  currents  flowing  in  different  directions  apparently  un- 
controlled by  gravity  in  it,  seems  to  me  quite  fantastic. 
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It  is  quite  true,  of  course,  that  when  a  river  of  ice  is 
coming  down  a  valley  and  is  recruited  by  an  influent  current 
coming  down  another  valley  maidng  a  considerable  angle  with 
it,  the  smaller  current  if  sufficiently  rapid  will  cause  a  back- 
flow  or  surging  up  of  the  main  streajn  at  the  point  of  in- 
flow, and  for  a  little  space,  and  until  the  two  ice-streams, 
have  finally  coalesced,  there  will  be  divergent  currents ;  but 
these  are  perfectly  explainable  as  the  result  of  ordinary 
mechanical  forces,  and  present  no  puzzle  any  more  than  the 
splitting  in  two  and  local  divergence  of  an  ice-stream  in  the 
presence  of  some  projecting  rock,  and  the  convergence  of  the 
two  halves  of  the  separated  stream  after  the  obstacle  has 
been  passed.  But  this  has  nothing  to  do  with  a  theory  which 
sees  in  the  interior  of  a  glacier  movements  of  the  paxticles 
impelled  by  some  unknown  and  transcendental  force  coursing 
through  it  in  different  directions  either  at  the  same  or  at 
different  levels. 

Another  feature  of  the  drift,  which  is  a  puzzle  to  the  ice 
men,  a»nd  which  has  been  noticed  in  many  countries,  is  the  fact 
that  the  unrolled  and  unweathered  stones  are  roughly  sorted 
according  to  their  size.  There  is  an  occasional  exception, 
but  the  great  proportion  of  them  grow  smaller  and  fewer 
as  we  get  away  from  their  original  'prommoffice.  This  seem& 
quite  inconsistent  with  their  having  been  carried  by  ice,  since 
it  is  the  peculiarity  of  a  glacier  that  it  carries  a  stone  as  big 
as  a  house  just  as  easily  and  as  far  as  it  carries  a  pebble^ 
and  in  the  case  of  true  glaciers,  as  in  the  Alps,  we  find 
examples  of  the  very  biggest  stones  at  the  farthest  points 
reached  by  the  ice.  This  sorting  seems  consistent  only  with 
the  action  of  water  and  quite  inconsistent  with  that  of  ice  in 
any  form. 

Again,  how  by  the  action  of  ice  in  any  form  are  we  to- 
explain  the  alignments  of  great  stones  so  frequently  found 
and  which  have  been  described  from  Bussia,  Germany  and 
America  ?  This  regular  and  symmetrical  arrangement  of  rows 
of  big  stones  is  surely  quite  incompatible  with  ice-sheets  and 
their  hypothetical  method  of  sub-glacial  portage.  We  can 
understand  lateral  moraines  or  medial  moraines  in  certain 
cases  being  formed  of  such  alignments,  but  not  the  stones 
carried  along  beneath  its  foot  by  a  stupendous  ice-sheet  which 
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£x  hypothesi  had  no  such  moraines  and  in  which  no  kind  of 
regular  arrangement  of  the  materials  seems  possible. 

Lastly,  a  word  or  two  about  the  poised  or  suspended  stones. 

Many  of  these  stones  are  perched  on  the  bed  rock  with 
such  nicety  that  they  can  be  made  to  rock.  How  under  any 
•conditions  of  ice  portage  this  was  possible,  I  do  not  know. 
If  the  stones  were  carried  on  the  backs  of  the  ice-sheets  and 
rested  where  they  are  when  the  ice  melted,  it  would  be  a 
nice  calculation  how  many  million  chances  to  one  there 
would  be  of  their  settUng  down  and  remaining  thus  poised 
in  such  numbers  as  they  are.  If,  on  the  other  hand,  they 
were  carried  under  the  ice-sheet  and  thrust  along  by  an 
exceedingly  heavy  slow  pressure,  it  seems  to  me  the  chances 
could  be  equally  measured.  Whatever  their  cause,  ice  seems 
quite  out  of  the  question. 

Turning  from  the  individual  stones  to  the  drift  when 
massed  as  a  whole,  the  problem  of  its  formation  and  distri- 
bution on  the  hypothesis  that  ice  had  to  do  with  it,  seems 
daily  more  difficult  to  understand.  The  products  of  glacier 
erosion  are  very  easy  to  find  and  to  dissect  in  Switzerland, 
Norway,  etc.  Their  great  feature  is  their  heterogeneousness 
of  contents  and  structure.  They  consist  of  a  mixture  of 
sand,  clay  and  stones  in  which  there  is  no  sifting  of 
materials,  but  they  are  mixed  together  without  any  order, 
and  are  what  the  Americans  call  dirty.  Ice  has  no  power 
of  sorting  materials  into  clay,  sands,  etc.  It  crushes  and 
pounds  and  rubs  them  down,  and  then  lays  them  down 
altogether,  as  we  see  them  laid  down  in  glacial  moraines. 

Now  the  most  obvious  feature  of  the  great  mass  of  the 
so-called  glacial  drifts  is  that  they  are  sorted,  that  the  clays 
have  been  laid  down  separately  from  the  sands,  and  that  in 
many  cases  they  are  more  or  less  rudely  stratified.  It  is  only 
in  exceptional  cases  that  we  find  them  laid  down  in  the  form 
of  heterogeneous  dirt  or  muck,  ie.,  as  true  moraine  stuS. 

Even  when  thus  thrown  down  heterogeneously,  as  we  shall 
see  presently,  it  by  no  means  follows  that  it  was  ice  which 
threw  down  the  materials ;  but  what  seems  perfectly  certain  is 
that  ice  could  have  had  nothing  to  do  with  the  sorting  and 
sifting  of  the  beds  into  their  several  contents,  nor  with  their 
arrangement  in  laminae  or  as  stratified  deposits. 
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The  glacialists  for  the  most  part  see  this,  and  they  accord- 
ingly appeal  to  the  action  of  sab-glacial  streams  as  having 
supplemented  the  action  of  the  ice-sheets  themselves.  In 
regard  to  this  appeal  it  seems  to  me  as  oblivious  of  the 
concrete  facts  as  most  of  the  others  made  by  the  same 
people. 

When  these  great  ice-sheets  existed  it  seems  impossible 
to  understand  how  there  could  be  anything  but  very  shght 
sub-glacial  streams,  if  any  at  all.  The  conditions  postulated 
involve  such  a  desperately  wintry  climate  that  we  cannot  well 
understand  the  melting  of  the  ice  in  order  to  form  such 
streams.  Whatever  melting  there  would  be  would  come  from 
the  effects  of  solar  radiation  acting  on  the  surface  of  the  ice  in 
summer,  which,  under  the  conditions  of  continental  stretches 
of  snow-white  ice,  would  be  only  slight,  since  the  greater 
part  of  the  direct  solar  heat  would  be  reflected. 

While  the  sun's  rays  would  be  thus  largely  reflected,  how 
long  would  it  take  for  the  fiercest  solar  radiation  alone  to 
cause  the  ablation  of  such  vast  masses  of  ice  ?  And  yet  it  is 
argued  that  they  melted  so  rapidly  that  they  could  sometimes 
disappear  altogether  without  laying  down  a  series  of  terminal 
mounds  emd  leave  the  country  covered  with  a  continuous 
ground-moraine  of  gentle  and  more  or  less  uniform  outline. 
Surely  the  whole  notion  is  preposterous. 

Secondly,  as  there  could  be  no  crevasses  in  these  por- 
tentously thick  masses  of  ice  except  under  very  exceptional 
circumstances,  the  ice-streams  we  are  accustomed  to  in  the 
Alps,  in  Norway  and  Greenland,  would  be  quite  out  of  the 
question,  for  they  are  almost  entirely  fed  by  the  water  which 
falls  down  crevasses. 

Thirdly,  even  if  we  could  secure  such  water  on  the  scale 
needed  to  produce  the  effects,  it  would  not  sort  the  soft 
materials  like  clay  and  sand  in  separate  beds  overlying  each 
other,  and  in  so  many  cases  stratified.  The  water  in  question 
would  do  what  sub-glacial  streams  do  now,  namely,  wash 
away  and  scour  all  the  soft  and  light  materials,  and  convey 
them  far  away,  leaving  a  bed  of  clean  boulders  and  gravel 
such  as  we  can  see  in  most  of  the  higher  Alpine  valleys 
which  receive  glaciers. 

No  doubt  we  occasionally  find  small  patches  of  more  or 
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less  slightly  stratified  materials  in  modem  moraines,  bat 
these  are  mere  patches;  the  great  mass  of  the  moraine 
material  is  heterogeneous  rubbish,  pushed  before  it  by  the 
snout  of  the  glacier. 

Again,  the  ice-streams  of  modern  glaciers  follow  definite 
'  lines  bounded  by  definite  courses,  and  flow,  not  indiscrimin- 
ately under  the  whole  of  the  glacier,  which  they  could  hardly 
do,  but  in  definite  tunnels  which  they  have  made  in  the  ice.  It 
is  not  possible  to  understand  how  such  narrow  streams  could 
lay  down  the  widespread  beds  of  stratified  drift.  I  cannot 
understand,  again,  by  what  possible  process  the  portentously 
rapid  melting  of  the  ice  front,  postulated  by  the  American 
geologists  to  account  for  what  they  call  the  Champlain  period, 
could  be  brought  about.  The  outpouring  of  sub-glacial 
lavas  has  been  suggested,  the  outbursts  of  volcanoes  has 
been  similarly  referred  to,  but  these  are  the  most  arbitrary 
of  hypotheses,  literally  without  any  evidence  to  support  them. 

Another  enormous  and  in  fact  insurmountable  difficulty 
in  attributing  the  stratified  drift  to  sub-glacial  streams  of 
any  kind  is  its  distribution  quite  independently  of  the  contour 
and  drainage  lines  of  the  country.  Whatever  gymnastics  ice 
has  been  credited  with  by  its  champions  cannot  be  extended 
to  rivers  and  streams,  which,  unless  contained  in  watertight 
tubes,  cannot  move  up  and  down  hill  and  disregard  the 
contour  of  the  country. 

Let  us  now  pass  on  from  the  structural  features  of  the 
drift  to  its  mode  of  distribution.  If  the  drift  was  distributed 
as  we  find  it  by  ice,  it  must  have  been  by  ice  in  motion.  I 
have  frequently  challenged  the  glacialists  to  show  how  the 
nether  layers  of  their  enormous  ice-sheets  could  move  at  all. 
Supposing  we  could  secure  such  a  vast  ice-mound  as  they 
continually  appeal  to,  we  may  perhaps  imagine  its  surface 
layers  having  a  slight  movement  whenever  its  upper  slope 
passed  the  angle  of  equilibrium ;  but  how  this  motion  was 
to  be  conveyed  down  through  successive  layers  of  ice  (with 
increasing  friction  caused  by  the  weight  of  the  ice  itself  and 
its  difficulty  in  shearing),  so  as  to  retain  any  appreciable 
movement  in  its  lowest  stratum,  passes  my  comprehension, 
and  this  a  priori  view  is  amply  confirmed  when  we  test  the 
problem  by  actual  glaciers  which  gradually  slacken  and  stop 
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and  become  as  quiescent  as  the  lower  layers  of  a  lake  when 
we  get  on  to  level  ground. 

Suppose,  however,  we  grant  that  effective  movement  would 
not  be  exhausted  in  the  upper  layers  of  the  ice-sheet,  but 
be  maintained  even  by  the  lower  ones — a  postulate  which 
would,  I  think,  be  scouted  by  most  physicists — how  is  it  to 
work  so  as  to  produce  the  effects  demanded  from  it  by  the 
glaciahsts? 

An  ice-mound  moving  under  the  influence  of  its  own  viscous 
tendency  must  move  sporadically  from  its  culminating  point 
in  all  directions,  and  we  cannot  quite  see  how,  this  being 
so,  we  are  to  secure  the  movement  of  stones  in  parallel 
lines  over  great  stretches  of  country  and  in  a  straight  course. 
A  glacier  flowing  down  a  narrow  valley  no  doubt  would  move 
stones  in  parallel  lines  in  this  way,  but  the  very  nature  of 
an  ice-sheet  necessitates  its  movement  being  radial.  How, 
again,  can  we  understand  the  thrust  being  so  unequal?  Take 
the  so-called  Scandinavian  ice-sheet  which  must  have  cul- 
minated in  North  Sweden.  How  is  it  that  if  it  could  carry 
stones  thence  to  the  Carpathians  and  from  Finland  to  Central 
Bussia,  that  it  should  only  have  been  able  to  carry  similar 
stones  westward  as  far  as  the  row  of  islands  bordering  Nor- 
way and  northward  to  the  shore  of  the  Arctic  Sea  and  no 
further?  Similarly  in  America  with  the  Hudson  Bay  and 
the  Laurentian  ice-sheet.     I  cannot  understand  this  at  all. 

Let  us  again  turn  to  the  supposed  modus  operandi  of  these 
ice-sheets.  The  glacialist  claims  for  them  that  they  pohshed 
and  striated  rock  surfaces  wherever  they  went,  and  also 
produced  the  striated  and  smoothed  stones  and  the  clays  and 
sands  of  the  drift  beds  by  the  action  of  their  own  denuding 
feet.  At  the  same  time  they  claim  that  these  ice-sheets  also 
carried  and  laid  down  the  drift  itself. 

I  cannot  see  how  when  engaged  in  polishing  and  moulding 
the  surface  of  the  land,  as  they  are  supposed  to  have  done, 
they  could  have  apphed  the'  chisels  and  planes  with  which 
they  worked  to  the  bed  rock  which  they  are  supposed  to 
have  worried,  when  between  that  bed  rock  and  the  bottom  of 
the  ice  there  was  a  continuous  cushion  of  sand,  or  mud,  or 
clay.  If  this  presents  a  dif&culty  in  regard  to  the  polishing 
and  striating  of  the  bed  rock,  it  surely  presents  an  equal 
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difficulty  in  regard  to  the  smoothed  and  scratched  bonlders, 
which  are  enclosed  in  a  matrix  of  soft  materials  Uke  raisins 
in  a  pudding.  It  is  incredible  to  me  under  any  theory  that 
the  work  of  denudation  could  have  been  done  concnrrently 
with  either  alternative. 

I  fancy  this  would  be  admitted  by  most  of  the  more 
reasonable  glacialists.      The  denuding  of  the  rock  surfaces 
and  the  making  of  the  boulders  must  have  been  an  ante- 
cedent process  to  their  being  covered  over  with  the  mantle 
of   drift,   and   it  has  in  fact  been  urged  that  it  is  only 
when  advancing  that  ice  is  an  active  denuding  agency,  while 
when  retiring  it  becomes  a  depositing  one.     In  the  former 
case  it  is  a  dynamical  agent,  while  in  the  latter  it  has  ceased 
to  be  so,  and  is  merely  leaving  behind  the  rehcs  of  its  former 
activity.     This  sounds  very  plausible  until  we  come  to  ana- 
lyse the  process  by  which  an  ice-sheet  could  alone  move. 
This  was  entirely  by  the  drag  of  its  layers,  each  one  acting  on 
the  one  below  it  in  consequence  of  the  viscous  mass  (to  which 
additions  were  continually  being  made  by  additional  snowfalls) 
gravitating  down  to  a  state  of  equilibrium.     If  such  an  ice- 
mass  as  the  glacialists  demand  was  possible,  which  I  alto- 
gether doubt,  it  was  only  on  condition  that  when  it  ceased  to 
grow  it  ceased  to  flow  and  became  stagnant  altogether.    How 
under  these  conditions  could  it  accumulate  anything  under 
it  ?    Where  was  the  material  to  come  from  ?     So  long  as  its 
nether  layers  moved  and  scraped  along  the  bed,  we  may  under- 
stand that  some  debris  would  be  formed  by  the  denuding  pro- 
cess ;  but  directly  this  movement  ceased,  the  making  of  drift 
material  would  cease  also,  and  there  would  be  nothing  to 
accumulate  when  the  ice  melted.    The  condition  of  things  in 
an  ice-sheet  must  have  been  quite  different  to  those  in  a  glacier 
which,  whether  advancing  or  retiring,  has  always  a  gravi- 
tating  tendency  imparted  to  it  by  its  lying  on  a  sloping  bed  ; 
but  with  an  ice-sheet  that  was  gradually  melting  away  the 
impulse  to  any  movement  would  be  gone,  since  it  is  only 
by  growth  on  its  surface  layers  that  the  condition  of  want  of 
equilibrium  would  be  produced.     I  cannot  therefore  under- 
stand how  any  accumulation  of  drift  would  take  place  at  all 
under  a  retiring  ice-sheet. 

It  is  only  some  of  the  ice  men,  however,  who  appeal  to  the 
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activities  of  ice-sheets  when  retiring.  Another  set  retain  the 
view  that  the  ice-sheets  deposited  their  debris  when  advancing 
only,  and  that  in  some  unaccountable  and  quite  transcendental 
way  they  at  one  time  denuded  their  beds,  and  presently  when 
consisting  of  the  very  same  ice,  acting  on  the  very  same  pla6e, 
they  laid  down  soft  materials  which  they  in  some  way 
dragged  along  with  them  not  only  in  thin  layers  of  sand  and 
clay,  but  in  tremendous  beds  many  hundreds  of  feet  thick 

How  is  it  conceivable  that  ice  could  urge  and  carry  along 
disintegrated  materials  like  these?  They  must  have  been 
either  frozen  or  unfrozen.  If  they  were  frozen  it  seems  to 
me  they  must  have  been  permanently  frozen,  for  under  a  mile 
of  ice  the  vicissitudes  of  smmner  and  winter  would  not  be  felt. 
If  BO,  how  can  we  account  for  the  sub-glacial  streams  without 
which  the  glaciahsts'  theory  cannot  work,  since  so  much 
of  the  drift  is  sorted  and  stratified.  If  unfrozen,  I  cannot  see 
how  ice  could  possibly  grip  and  carry  along  with  it  slippery 
clays  and  disintegrated  sands  and  similar  loose  materials,  not 
a  few  inches  but  in  many  cases  hundreds  of  feet  thick,  and 
carry  them  with  it  for  hundreds  of  miles  up  and  down  hill 
into  deep  troughs  and  out  again — the  very  same  ice,  be  it 
remarked,  which  is  supposed  to  have  scarified  and  polished 
and  worn  down  the  rocks  on  which  these  beds  lie. 

These  vast  thicknesses  of  the  drift  in  places  seem  in  them- 
selves to  me  to  be  a  very  effectual  argument  against  the 
fantastic  theory  of  ground  moraines. 

The  same  result  seems  also  to  follow  from  the  fact  that 
these  drift  beds  are  found  in  the  mountain  valleys  choking 
them  right  up  to  their  heada  Whatever  may  have  been  the 
case  elsewhere,  the  ice  must  surely  in  these  mountain  valleys 
have  followed  the  lines  of  least  resistance  and  moved  down 
their  natural  roadways  and  cleaned  and  swept  them  out,  and 
not  left  them  gorged  in  this  way  with  such  debris.  It  is  in 
these  upper  valleys  that  the  greatest  amount  of  denudation 
ought  to  have  occurred.  How  comes  it  then  that  they  are 
choked  in  this  way  if  this  was  the  case  ? 

Again,  how  are  we  to  account  for  the  fact  of  the  drift  being 

similarly  found  in  great  beds  on  the  crests  of  many  of  the 

passes  in  the  secondary  ranges,  as  in  the  Grampians,  where 

it  must  have  met  with  the  most  potent  opposition  from,  and 
II.  24 
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been  swept  away  like  a  fly  on  a  plate  by,  the  tremendous 
machine  which  is  supposed  to  have  made  the  vast  deposits 
of  the  so-called  glacial  age  ? 

The  very  continuity  of  the  drift  mantle  with  its  smooth  and 
ev5n  surface  over  such  wide  and  irregular  areas  is  another 
insuperable  fact  against  any  ice-sheet  having  had  to  do  with 
its  deposit.     No  glacier  anywhere  known  to  me  deposits  such 
a  mantle  either  in  advancing  or  retiring.     A  glacier  in  advanc- 
ing sweeps  out  its  bed  and  pushes  a  moraine  before  it,  and 
whenever  we  can  examine  where  it  has  been,  we  find  no 
traces  of  such  a  continuous  ground  moraine.  Upon  this  Bonney 
and  other  experienced  Alpine  explorers  are  at  one.    If  a  ground 
moraine  is  under  any  conditions  possible,  it  seems  to  me  it  can 
only  be  with  a  retreating  glacier  or  a  retreating  ice-front.    And 
this  I  have  already  treated  as  incredible  and  impossible  to 
realise  unless  the  retreat  of  the  ice  was  perfectly  continuous. 
Every  halt  must  have  caused  a  piled-up  moraine,  not  a  sheet 
of  drift  with  smooth,  flat  surface.      I  may  add  that  those 
glacialists  in  America  who  are,  by  way  of  discarding  the 
theory  of  ground  moraines,  in  favour  of  the  deposition  of  the 
continuous  beds  as  a  simple   deposit  of  so-called  englacial 
drift  left  in  situ  by  the  melting  ice,  fail  to  tell  us  how  in  this 
case  so  much  of  the  drift  should  be  sorted  and  so  much  of  it 
stratified.     Englacial  drift  settling  down  from  a  melting  ice- 
sheet  must  be  heterogeneous,  which  such  a  large  part  of  the 
drift  is  not.     These  facts  and   arguments  seem  conclusive 
when  we  go  into  the  field  and  leave  our  books.     We  then 
find  that,  except  near  mountains  or  in  broken  country,  the 
drift  is  laid  down  in  softly  outlined  continuous  mantles  and 
beds  implying  a  widespread  depositing  agent  which  did  not 
leave    its   burden,   as   glaciers   do,   in  heaps   and  confused 
mounds,  but  in  smoothly  contoured  sheets,  extending  over 
wide  districts  in  a  continuous  mantle  independent  of  the 
surface  contour  of  the  country.     I  say  continuous.     In  cer- 
tain remarkable  instances,  however,   the  deposition  of  the 
drift  was  not  so  continuous,  but  we  have  large  areas  forming 
huge  islands  in  the  drift-covered  regions  entirely  free  from 
any  drift  at  all,  and  free  also  from  any  of  those  manifold 
signs  which  are  usually  accepted  as  the  ear-marks  of  glacial 
action.    A  very  famous  instance  of  this  is  the  so-called  drift- 
less  region  of  South- Western  Wisconsin,  another  is  in  the 
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Government  of  Orel  in  European  Russia.  Dr.  Wm.  Wright 
says  of  the  former,  "there  is  an  area  of  several  hundred 
square  miles  in  extent,  occupying  more  or  less  of  the 
adjoining  area  in  Illinois,  Iowa  and  Minnesota,  which  re- 
mained as  an  island  in  the  great  continental  expanse  of  ice. 
Thfe  ice,"  he  says,  "  moved  past  it  upon  both  sides,  and  then 
closed  together  upon  the  south  and  moved  onwards  a  distance 
of  about  300  miles  to  the  vicinity  of  St.  Louis  **  (Ice  Age  in 
America,  p.  120).  Mr.  Carvell  Lewis  claims  to  have  found 
driftless  areas  even  in  Northern  England.  I  know  of  no 
explanation  coming  from  the  glacialists  (which  professes  to 
meet  this  extraordinary  case)  which  does  not  seem  quite 
hapless.  Dana  suggests,  for  instance,  that  the  driftless  area 
in  America  is  still  one  of  light  precipitation,  but  the  ice-sheet 
that  carried  Laurentian  and  other  rocks  to  St.  Louis  was 
siirely  strong  enough  and  mighty  enough  to  dispense  with 
such  aid  as  local  precipitation  in  Wisconsin.  If  the  district 
had  been  a  high  plateau  or  congeries  of  hills,  we  could  have 
understood  it  perhaps  by  invoking  the  mechanical  laws  by 
which  moving  water  or  ice  would  pass  round  an  obstacle  as 
the  road  of  least  resistance  rather  than  over  it.  But  even 
this  would  not  have  availed  to  the  ultra-glacialist  who  claims 
that  his  ice-sheets  were  capable  of  moving  independently  of 
the  contour  of  the  country. 

Let  us  now  proceed.  The  drift  beds  are  not  everywhere 
laid  down  in  continuous  sheets  and  mantles.  In  many  cases 
they  are  heaped  up  in  mounds  and  ramparts,  which  have  a 
very  material  lesson  for  us  in  the  issues  we  are  engaged  in 
discussing. 

It  is  only  in  more  recent  times  that  real  care  has  been 
taken  to  classify  these  mounds,  and  to  examine  their  internal 
structure  as  well  as  their  external  contour,  with  the  result 
that  large  classes  of  them  have  been  directly  assigned  to  the 
action  of  water  and  not  of  ice,  and  the  proportion  of  those 
which  in  structure  and  arrangement  of  contents  resemble 
real  moraines  has  been  greatly  reduced. 

In  two  respects,  however,  this  analysis  seems  to  me  to  be 
faulty,  and  to  involve  a  faulty  induction. 

In  the  first  place,  a  great  deal  of  the  drift  which  is  obviously 
stratified  has  been  assumed  to  be  re-arranged  and  re-deposited 
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drift,  and  in  some  way  to  be  different  in  age  and  character 
from  that  of  the  anstratified  heterogeneous  drift.  The  view 
that  it  is  so  has  been  forcibly  protested  against  by  Prof. 
Dana,  who  objects  to  its  being  taken  for  granted  that  the 
stratification  which  it  presents  is  not  an  original  featnre  of 
the  beds,  but  has  been  subsequently  imposed  upon  them  in 
some  way,  and  that  where  we  find  traces  of  such  stratifica- 
tion we  have  evidence  that  the  beds  have  been  in  some  way 
re-sorted  and  re-arranged — remaniS  as  the  French  call  it. 
Against  this  notion  I  also  entirely  protest,  nor  do  I  know  any 
evidence  for  it.  On  the  contrary,  I  believe  most  firmly  that 
the  stratified  and  unstratified  drift  belong  to  the  same  period, 
were  due  to  the  same  ultimate  cause,  and,  as  we  have  seen 
in  earlier  pages,  they  grade  into  one  another.  Inasmuch 
as  stratification  and  lamination  are  inconsistent  with  a 
deposit  by  ice,  and  only  consistent  with  a  deposit  by  water, 
it  follows  that  when  we  find  large  masses  of  deposit,  portions 
of  which  are  stratified,  we  cannot  treat  them  as  moraines 
at  all  but  as  aqueous  beds. 

On  the  other  hand,  as  I  have  already  argued,  and  propose 
to  argue  again  presently,  the  fact  of  a  bed  being  hetero- 
geneous in  structure  does  not  preclude  its  having  been  thrown 
down  by  water.  The  way  in  which  water  deposits  materials 
depends  very  largely  upon  the  rate  at  which  it  is  travelling, 
and  the  mass  of  the  water  itself.  If  it  is  travelling  rapidly 
and  in  great  mass,  it  does  not  sort  its  materials  but  carries 
them  altogether,  and  when  interrupted  it  throws  them  down 
together  in  a  mixed  fashion.  Thus  while  stratified  beds  are 
quite  inconsistent  with  ice  deposition,  unstratified  ones  are 
not  inconsistent  with  water  deposit ;  and  where  we  find  the 
two  sets  of  beds  intercalated  or  running  into  each  other  as 
they  do  in  so  many  cases,  and  in  such  a  way  as  to  make  it 
obvious  that  they  are  contemporaneous,  we  have  no  other 
resource  than  to  attribute  their  deposit  to  water  acting  at  one 
time  tumultuously  and  at  another  gently.  Ice  cannot  claim 
such  phases. 

Let  us  now  turn  to  the  more  conspicuous  drift  deposits 
to  which  this  latter  argument  specially  applies,  and  which 
have,  in  consequence,  been  largely  treated  as  aqueous  beds; 
and  first  let  us  consider  the  most  extensive  and  remeurkable  of 
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them,  which  are  called  asar  by  the  Scandinavian  geologists 
(whence  the  term  has  been  largely  imported  among  us),  and 
eskers  by  the  Irish  peasants  and  the  Irish  geologists. 
Esker  is  not  only  a  more  euphonious  name,  but  has  distinct 
claims  to  priority.  It  is  of  Celtic  origin  and  very  old.  Thus 
SoUas  says  of  it :  "  The  series  of  esker  groups  to  be  described 
later  on  is  part  of  what  was  formerly  called  by  the  general 
name  of  Esker  Biada,  which  is  mentioned  in  the  annals  of 
Clonmacnoise  as  the  southern  boundary  of  the  kingdom  of 
Conn  of  the  Hundred  Battles  "  (Tram.  Royal  Ir.  Acad.,  Series 
ii.,  vol.  v.,  p.  787).  In  America  these  ridges  are  also  known 
as  Devirs  Backs  and  Hog's  Backs.  Their  explanation  has 
long  been  a  crux  and  perhaps  a  reproach  to  geology,  and 
it  remains  so  still.  Thus  one  of  the  latest  writers  on 
Swedish  geology,  and  one  of  the  ablest,  Nathorst,  in  his 
Sveriges  Geologic  published  in  1894,  after  examining  the 
various  theories  which  have  been  forthcoming  to  explain 
them,  has  to  confess  that  the  problem  is  still  unsolved.  To 
use  his  own  words : ''  Vilja  vi  dock  pa  samma  gang  uttryckligen 
betona,  att  vi  annu  icke  betrakta  fragan  sasom  slutligen 
afgjord"  (op.  cit.,  p.  243) — "we  must  expressly  state  that 
we  cannot  consider  (or  look  upon)  the  question  as  finally 
settled  ". 

The  asar  are  such  a  notable  feature  in  the  landscape  of 
Sweden  that  it  is  not  surprising  they  should  have  been 
observed  and  their  peculiarities  described  at  an  early  period 
there.  Their  main  features  were,  in  fact,  pointed  out  by 
Swedenborg  at  the  beginning  of  the  eighteenth  century,  and 
have  been  enlarged  upon  by  every  succeeding  explorer.  The 
Swedish  geologists  divide  the  asar  into  two  classes — the 
asar  properly  so  called,  built  up  of  masses  of  rolled  stones, 
and  the  sand-asar,  composed  chiefly  of  sand.  While  it  is 
easy  to  find  specimens  of  each  of  these,  it  is  also  very  easy 
to  find  others  where  masses  of  rolled  stones  and  beds  of  sand 
or  of  tough  clay  or  brick-earth  pass  into  each  other  very 
much  as  they  do  in  the  Cromer  cliffs.  A  good  example  is 
the  fine  as  upon  which  Upsala  is  built,  and  in  which  we  can 
study  the  internal  structure  admirably,  since  it  has  been 
recently  excavated  right  through.  I  gave  a  figure  of  a 
section  of  it  in  the  Geological  Magazine,  1898,  PL  VII.).    There 
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we  can  see  in  the  course  of  a  few  yards  the  passage  from  a 
mass  of  roonded  boulders  into  sand.  The  sand  in  some 
places  is  almost  continuous,  and  in  others  has  banks  of  clay 
intercalated  in  it.  The  contour  of  the  asar,  as  Swedenborg 
long  ago  pointed  out,  differs  with  the  nature  of  their  contents, 
the  stony  asar  having  steep  sides,  while  the  sandy  ones  have 
much  rounder  outlines.  The  stones  which  form  such  a  great 
part  of  the  asar  (except  certain  specimens  occurring  in  their 
upper  parts)  are  invariably  rounded  and  water-worn,  and 
would  be  well  described  by  the  phrase  applied  to  some  of  the 
East  Anglian  gravels,  viz.,  "cannon-shot  gravel".  The  asar 
are  found  in  all  parts  of  Sweden  from  Scania  to  Norland, 
and  in  Finland  and'  Northern  Bussia  they  form,  as  is  well 
known,  huge  banks  and  ramparts.  In  some  cases  they  run 
with  great  uniformity  in  shape  and  breadth  for  long  distances, 
their  direction  being  wonderfully  continuous.  So  uniform 
are  they  that,  as  Brongniart  pointed  out,  the  roads  in  some 
places,  as  from  Upsala  to  Wendel,  from  Enkoping  to  Nora, 
from  Hubbo  to  Moklinta,  etc.,  run  along  their  crest.  Some- 
times they  spread  and  widen  out  a  little,  forming  nodes  like 
so  many  knots  on  a  cord.  Frequently  the  continuous  line 
is  interrupted  by  a  gap  or  a  series  of  gaps,  so  that  instead  of 
a  uniform  bank  there  are  a  number  of  huge  circular  or  oval 
mounds.  They  consist  generally  of  a  main  trunk,  with  a 
number  of  small  subsidiary  lateral  branches  running  into 
it  Uke  the  affluents  of  a  river,  and  sometimes  they  have 
satellites  attached  to  them  in  the  shape  of  kame-hke  mounds. 
They  are  as  sharply  marked  off  from  the  adjoining  plain  on 
either  side  as  a  railway  embankment  is.  In  some  cases, 
notably  in  Finland,  they  do  not  run  in  parallel  lines,  but 
vary  in  direction,  sometimes  even  crossing  each  other,  but 
in  Sweden  their  direction  is  singularly  parallel,  as  may  be 
seen  from  the  admirable  maps  published  by  the  Swedish 
geologists,  notably  that  of  Tomebohm.  The  enormous  size 
and  cubical  contents  of  these  gigantic  mounds  can  only  be 
appreciated  by  those  who  have  seen  them  on  the  spot  and 
followed  them  for  miles. 

According  to  Erdmann,  the  well-known  Upsala  as,  which 
runs  from  the  mouth  of  the  Dalelf  to  Sodertom,  south  of 
Stockholm,  is  about  200  kilometres  long.     The  as  of  Roping, 
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as  far  as  it  is  at  present  traced,  from  Nykopiag  to  the  Dalelf , 
is  about  240  kilometres  in  length.  The  as  of  Enkoping  runs 
from  near  Trosa  in  Sudermannia  to  Loos  in  Helsingland, 
and  is  from  300  to  340  kilometres  long,  while  the  as  of 
Badelunda,  running  from  Nykoping  in  Sudermannia  to  the 
parish  of  Rattvik  in  Dalecarlia,  is  about  303  kilometres  long. 
According  to  Erdmann.  the  asar  west  of  the  watershed  be- 
tween Lake  Wenern  and  Lake  Wettem  run  north-north-east 
to  south-south-west,  while  east  of  that  line  they  run  from 
north-north-west  to  south-south-west. 

Erdmann  also  gives  the  elevation  to  which  some  of  the 
principal  asar  have  been  traced.  In  Jemteland,  north  and 
north-west  of  Storojo,  to  1,000  or  1,200  feet;  in  Herjeadal, 
near  Hede,  to  1,300  or  1,400  feet;  in  Dalecarlia,  in  the 
parishes  of  Malung  and  Idre,  to  between  1,000  and  1,300 
feet ;  in  the  Government  of  Elfsborg,  in  Vestrogothland  and 
east  of  Ulricehamm,  to  1,100  feet;  at  Jonkoping,  in  Smaland, 
near  to  Lake  Almesakra,  to  about  1,000  feet ;  but  Tornebohm 
informed  Mr.  Geikie  that  in  the  northern  parts  of  the  country 
they  occur  at  an  elevation  of  2,000  feet.  Their  height 
varies,  the  average  being  about  50  or  100  feet  high,  but  in 
many  places  they  run  up  to  100  metres  or  more,  while  they 
sometimes  sink  to  twenty  or  thirty  feet.  Their  breadth,  too, 
varies,  the  normal  breadth  being  from  thirty  to  fifty  paces, 
bat  in  some  cases,  as  at  Upsala,  where  there  is  a  spreading 
node,  their  breadth  runs  to  200  or  250  yards.  From  these 
facts  the  cubical  contents  of  the  asar  may  be  guessed.  They 
are  often  somewhat  wider  and  higher  at  their  northern  end, 
that  is,  at  their  inception,  than  farther  on.  In  the  low  flat 
country  their  contour  is  very  uniform,  but  in  the  upper  and 
more  hilly  districts,  where  they  chiefly  abound,  they  have  a 
tendency  to  become  broken  up  into  strings  of  separate 
mounds  and  kame-like  masses.  Their  materials,  in  so  far  as 
they  consist  of  boulders,  have  in  every  case  where  they  have 
travelled,  and  we  can  trace  the  mother-rock  in  situ,  moved 
from  north  to  south,  and  never  in  the  reverse  direction. 

One  of  their  most  important  features,  and  one  which  hah 
been  a  great  deal  too  little  noticed  in  the  various  theories 
which  have  been  forthcoming  to  explain  them,  is  the  fact, 
that  at  lower  levels  than  300  feet  they  traverse  the  country 
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quite  irrespective  of  its  contour,  going  up  hill  and  down  hill, 
and  athwart  the  natural  drainage.  Above  that  level  they 
generally  follow  the  valleys.  On  this  point  I  will  quote  the 
language  of  a  first-rate  authority,  Erdmann.  After  saying 
that  they  sometimes  run  along  the  valleys,  sometimes  on  the 
mountain  flanks,  and  sometimes  on  the  plateaux,  he  adds 
(in  italics)  the  words :  "  C'est  ainsi  qu'elles  continuent  lenr 
cours  lointain,  franchissant  les  plateaux,  les  valines,  et  les 
plaines,  et  ne  semblant  en  aucune  manifere  s'inqui^ter  des 
reliefs  divers  actuels  du  pays  "  (Expose,  etc.,  p.  41).  This 
is  a  conclusion  drawn  from  the  Swedish  asar.  The  Finnish 
ones  are  quite  as  remarkable,  traversing  lakes  and  water- 
sheds without  any  hesitation.  Another  notable  feature 
of  the  asar  is  their  great  and  numerous  interruptions  and 
want  of  continuity. 

As  I  have  said,  a  large  portion  of  the  asar  consist  of  masses 
of  rounded  stones  of  various  sizes  up  to  two  feet  in  diameter. 
These  rounded  stones  are  not  mixed  with  angular  erratics. 
The  latter  when  they  occur,  chiefly  do  so  in  the  upper  and 
more  sandy  and  loamy  layers,  or  scattered  over  the  asar- 
backs,  nor,  so  far  as  I  could  observe,  do  these  consist  of 
stones  of  exceptional  size,  although  they  are  frequently 
several  cubic  yards  in  bulk.  The  contents  of  the  asar  are 
not  sorted  according  to  their  size,  and  the  stones  generally  lie 
with  their  longer  axes  parallel  to  the  direction  of  the  as 
in  which  they  are  found.  The  beds  of  sand  and  the  sandy 
asar  are  in  nearly  all  cases  more  or  less  stratified.  They  are 
frequently  false-bedded,  and  the  beds  which  show  the  false- 
bedding  have  their  lines  very  pronounced,  the  angular  wedges 
of  sand  and  the  lenticular  masses  being  on  a  large  scale  and 
very  marked.  The  uppermost  layers  of  the  asar  often  consist 
of  stifiF  blue  clay  or  of  finely  sifted  and  laminated  brick-earths, 
containing  in  places  numbers  of  diatoms  and  marine  shells, 
but  never,  so  far  as  I  know,  fresh-water  debris  or  land 
molluscs.  These  beds  of  brick-earth  and  clay  occur  only  at 
the  top  of  the  asar,  where  they  are  often  intercalated  with 
sand  beds  very  irregularly  disposed,  just  as  they  are  in  the 
beds  of  contorted  drift  in  the  Cromer  cliflfs,  and  they  are 
generally  continuous  with  the  mantle  of  similar  loam  that 
covers  the  intervening  country.     I  cannot  follow  Erdmann 
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and  Geikie  in  separating  these  superficial  layers  in  the  asar 
from  the  beds  below.  So  far  as  I  can  judge  (and  here,  again, 
the  present  condition  of  the  cutting  at  Upsala  is  very 
pregnant  with  meaning),  they  pass  continuously  down  into 
them,  and  are  merely  later  phases  of  one  deposit,  just  like 
the  similar  phases  we  see  in  the  drift  beds  of  East  Anglia. 
Lyell,  Murchison  and  others,  who  examined  the  asar  with 
care  and  skill,  and  whose  judgment  was  in  this  case  unwarped 
by  a  priori  theories  of  their  origin,  treated  the  superficial 
beds  containing  marine  shells  as  belonging  to  the  same 
period  as  the  lower  beds  which  are  barren  and  consist  largely 
of  boulders.  Another  feature  of  the  asar  which  is  remark- 
able is  the  frequent  passage  in  them  of  gravel  into  what  is 
sometimes  called  true  moraine  matter,  i.e.,  heterogeneous 
matter,  a  passage  which  J.  Geikie  says  may  be  traced  not  only 
on  the  sides  of  an  as,  but  also  in  the  direction  of  its  trend ; 
the  appearance  of  large  and  smaU  angular  fragments  of  rock 
in  the  heart  of  well-worn  gravel,  and  the  confused  or  dislo- 
cated or  jumbled  aspect  of  the  bedding  sometimes  seen  in 
the  interior  of  an  as. 

I  described  the  American  asar  or  eskers  at  some  length  in 
my  Glacial  Nightmare  (pp.  796,  797),  and  will  only  add  a 
paragraph  or  two  about  them  here.  Prof.  Stone  (Proc.  Amer, 
Assoc.  Adv,  Sac.  J  1880,  p.  510),  who  uses  the  terms  esker  and 
kame  as  synonymous,  says  of  the  American  eskers :  "  The 
eskers  of  Maine  are  found  at  all  elevations  above  the  sea 
up  to  a  height  of  1,600  feet.  They  freely  cross  transverse 
bills  100  feet  in  height,  even  when  a  little  deflection  would 
give  them  a  course  through  a  valley.  None  surmount  hills 
of  over  200  feet.  ...  In  many  instances  eskers  cross  the 
beds  of  lakes,  sometimes  for  many  miles,  and  can  be  traced 
under  water." 

He  says  of  a  system  of  eskers  he  caUs  system  "nine":  "It 
lies  wholly  in  a  region  of  slates,  conglomerates  and  limestones 
for  nearly  100  miles.  It  then  crosses  the  granitic  range  of 
mountains  extending  north-east  from  Mount  Derent.  For 
seven  miles  after  entering  the  granitic  area  in  Aurora  the 
kame  is  composed  almost  wholly  of  slate,  although  the 
country  on  both  sides  is  covered  by  granitic  till,  and  shows 
multitudes  of  granite  boulders  and  fragments.     The  granite 
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then  be^ns  to  appear  in  the  kame,  and  a  few  miles  farther 
eastward  kame  plains  are  almost  wholly  composed  of  granite 
although  the  underlying  rock  is  then  a  micaceous  slate  or 
schist,  and  the  till  shows  that  kind  of  rock  freely.  This 
shows  that  the  kame  materials  were  transported  lengthways 
of  the  kames,  and  in  general  farther  than  the  morainal 
material  originally  derived  from  the  same  locality.  In  other 
words,  kame  drift  is  glacial  drift  plus  a  variable  amount  of 
water  drift.  .  .  .  The  gravel  is  less  water-worn  and  rounded 
in  the  eskers  near  their  origin ;  this  and  the  prevailing  direction 
of  the  dip  of  the  stratification  of  the  esker  material,  as  well 
as  the  expansion  of  many  of  the  eskers  into  broad  kanae 
plains  as  they  approach  their  southern  termination,  show 
their  material  was  transported  in  a  direction  corresponding  to 
their  length." 

Mr.  Stone  in  a  further  paper  in  the  Journal  of  Geology 
(i.,  p.  246)  says  that  in  the  State  of  Maine  along  200  miles  of 
coast  the  eskers  decrease  in  size  as  they  proceed  towards 
the  sea,  at  the  same  time  becoming  increasingly  discontinu- 
ous, until  they  terminate  near  the  heads  of  fiords,  without 
extending  beneath  the  sea.  For  an  account  of  the  Irish 
eskers,  I  must  refer  to  my  QUicidL  Nightmare,  pp.  793-794. 
I  will  only  shortly  supplement  what  I  there  said  by  an  ex- 
tract from  an  admirable  paper  by  my  versatile  friend.  Prof. 
SoUas : — 

''  The  eskers  in  Ireland  are  usually  confined  to  comparatively 
low  ground,  rarely  more  than  350  feet  above  sea-level,  though 
some  large  isolated  mounds  are  as  much  as  400  feet  high. 
Their  usual  height  above  the  surrounding  country  is  seldom 
more  than  60  feet. 

*'  Their  side-slopes  are  subject  to  great  variation,  but  are 
often  steep,  making  an  angle  of  35"*  with  the  horizon.  Both 
sides  may  be  almost  equally  inclined^  but  more  conmionly 
one  side  has  a  steep  and  the  other  a  gentle  slope. 

"  The  run  of  an  esker  system  may  be  with  the  slope  of 
the  ground,  as  at  Ballyhannis,  or  against  it,  as  at  Portumna, 
or  may  change  from  one  to  the  other,  as  the  system  of  the 
Midlands. 

*'  The  structure  of  the  Irish  eskers  differs  greatly.  In  some 
places  it  is  confused,  consisting  of  a  rubble  of  blocks  of  stone 
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only  slightly  water-worn,  but  without  glacial  scratches,  piled 
together  in  disorder ;  in  others  it  is  beautifully  stratified ; 
coarse  and  fine  gravel,  sand,  and  occasionally  clay,  alternating 
in  rapid  succession.  False  bedding  is  common,  and  in  many 
cases  a  rude  tendency  to  so-called  anticlinal  structure  is 
seen,  i.e.,  the  beds  of  stratified  material  conform  more  or  les& 
closely  to  the  slopes  of  the  esker.  ...  At  the  base  of  some 
eskers  horizontally  bedded  sands  and  gravels  are  often  met 
with,  and  in  one  instance  these  were  seen  to  be  beautifully 
ripple-marked "  {Trans,  Boy.  Dvh.  Soc.y  Series  ii.,  v.,  pp. 
818-819). 

*'  In  the  GreenhiUs  esker  close  to  Timon  Castle,  Dublin,  a 
particular  bed  of  pebbles  can  be  traced  along  a  horizontal 
course  for  a  considerable  distance.  It  is  then  interrupted 
for  about  twenty  feet ;  fragments  of  it,  however,  are  clearly 
visible  lying  along  an  irregular  curve  beneath  a  mass  of 
disordered  sand  and  gravel.  .  .  .  Faults  are  not  uncommon, 
contortions  are  frequently  and  reversed  faults  occasionally 
met  with.  .  .  .  Large  blocks  of  stone  resting  on  the  surface  of 
an  esker,  and  sometimes  included  within  it,  are  frequently 
called  attention  to  by  officers  of  the  survey.  .  .  .  Not  in- 
frequently a  core  of  coarse  and  confusedly  arranged  material 
is  found  within  a  mantle  of  exquisitely  stratified  sand  and 
gravel,  which  may  be  repeatedly  faulted*'  (Sollas,  ibid., 
Series  ii.,  v.,  p.  819). 

Prol  Greikie  identifies  the  Irish  eskers  and  Scandinavian 
asar  with  similar  ridges  occurring  in  the  Scotch  Lowlands 
and  the  lower  reaches  of  Tweeddale  and  Nithsdale,  where  he 
describes  them  as  ridges  and  mounds  running  in  long,  gently 
sinuous,  and  now  and  again  more  rapidly  curving  lines^ 
following  in  their  direction  the  trend  of  the  valleys  in  which 
they  occur,  resting  either  on  boulder  clay  or  solid  rock ;  and  it 
is  particularly  worthy  of  note,  he  says,  that  the  gravel  and 
sand  of  which  they  are  composed  are  strictly  confined  to  the 
ridges  and  mounds — that  is  to  say,  their  deposits  do  not 
spread  out  laterally  upon  the  adjacent  low  ground.  The 
steeper  ridges  consist  chiefly  of  gravel,  generally  coarse  and 
showing  little  or  no  trace  of  bedding.  In  many  places  they 
consist  of  tumultuous  heaps  of  coarse  gravel,  shingle  and 
water-worn  boulders,  or,  as  the  case  may  be,  of  an  agglomera- 
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tion  of  large  blocks  and  angular  and  sub-angular  debris  mixed 
with  earthy  grit  and  sand.  The  abrupt  embankments,  on  the 
other  hand,  are  usually  built  up  of  finer  gravel  and  sand 
which  are  often  beautifully  bedded  {Chreat  Ice  Age,  3rd  ed.,  pp. 
168-169). 

Let  us  now  consider  the  theories  which  have  been  adopted 
to  explain  the  asar  or  eskers.  In  the  very  early  days  of  the 
glacial  fever,  if  I  may  coin  an  incongruous  but  not  inap- 
propriate phrase,  when  Agassiz  reigned  supreme,  they  were 
pronounced  to  be  moraines.  This  conclusion  is  one  of  those 
which  form  the  despair  of  rational  science,  for  beyond  the 
fact  that  they  are  heaped-up  mounds  of  earth  and  sand  and 
gravel,  there  does  not  seem  to  be  a  single  feature  about  them 
resembling  moraines.  The  stones  they  contain  are  rounded, 
water- worn  boulders,  in  no  way  like  glacier  stones.  Scratched 
stones  and  those  with  flat  sides  are,  I  believe,  rarely,  if  ever, 
found  in  them;  the  beds  of  sand  and  clay 'they  contain  are 
sifted,  very  often  stratified  and  cross-bedded,  and  absolutely 
different  to  the  mixed-up,  heterogeneous  **  muck  "  forming 
moraine-stuffl  The  shells  they  contain  are  marine  shells, 
many  of  them  perfect  and  of  very  delicate  structure.  Putting 
aside  their  contents,  their  other  features  are  quite  different 
to  moraines.  Terminal  moraines,  which  are  the  only  kind 
of  moraines  resembling  the  asar  in  some  phases  of  contour, 
are  always  planted  athwart  the  line  of  march  of  the  ice.  The 
asar  on  the  contrary  are  all  roughly  parallel  to  the  line  in 
which  the  stones  have  moved  and  to  the  lines  kept  by  the 
striae  on  the  rocks.  If  moraines  at  all,  therefore  the  asar 
must  be  either  medial  or  lateral  moraines,  but  ice-sheets 
could  have  no  lateral  or  medial  moraines.  Who,  again,  has 
seen  lateral  or  medial  moraines  made  up  of  water-worn 
boulders  and  of  stratified  sands  and  brick-earth  containing 
marine  shells,  or  seen  them  ranged  in  a  large  series  of  parallel 
mounds  with  subsidiary  branches,  and  with  no  high  lands  in 
between  from  which  their  contents  could  be  derived  ? 

Speaking  of  the  so-called  sand-asar,  which  chiefly  consist 
of  sand  and  gravel  mixed  with  a  certain  number  of  rolled 
boulders,  Durocher  says :  ''  Entre  ces  coUines  et  les  moraines 
abandonn^es  par  les  glaciers,  il  y  a  des  differences  notables 
sous  le  rapport  de  la  configuration  ext^rieure,  de  la  grossenr 
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des  mat^rianx,  de  leur  ^tat  de  conservation  et  de  leur  distribu- 
tion ;  les  moraines  n'ont  pas  la  forme  de  terrasses  ou  de  largea 
chanss^es  aplaties  en  haut,  et  a  section  trapezoidale ;  il  s'y 
trouve  qn  g^n^ral  plas  de  gros  fragments,  les  mat^riaux  y 
sont  angnleux,  m^lang^s  confus^ment,  et  ne  presentent  pas 
cette  repartition  par  zones  de  sable  et  de  cailloux  que  Ton 
remarque  friquemment  dans  le  nord  de  rEurof>e.  D'ailleurs 
les  blocs  erratiques  gigantesques,  s'ils  avaient  ^t^  transportes 
par  des  glaciers,  devraient  se  trouver  exclusivement  dans  lea 
accumulations  de  debris  oflrant  les  caract^res  des  moraines, 
et  Ton  ne  con^oit  pas  comment  ils  pourraient  se  trouver  a 
la  surface  de  d^pdts  qui  presentent  les  caract^res  ^vidents 
de  formations  aqueuses.  En  outre,  beaucoup  de  ces  blocs  pro- 
viennent  de  contr^es  basses  qui  ont  kik  enti^rement  couvertea 
par  les  agents  ^rosifs,  et  par  suite,  ils  ne  peuvent  r^sulter  de 
bouleversements  ayant  eu  lieu  au-^essus  des  glaciers  que  Ton 
suppose  avoir  stri^  la  surface  de  ces  coUines :  ils  auraient 
alors  Torigine  qui  leur  a  ^t^  attribute  par  M.  de  Charpentier, 
savoir  qu'ils  auraient  ktk  arrach^s  par  les  glaciers  k  leur  fond, 
et  se  seraient  eiev^s  progressivement  k  leur  surface;  maia 
cette  opinion  me  parait  difficile  k  admettre,  d'autant  plus  que 
les.  tr^s  grands  Sloes  qui  gisent  k  la  surface  des  dep6ts  de 
transport  ne  presentent  pas  de  traces  de  frottement "  (Etudes 
sur  les  phinomenes  erratiq^ies  de  Scandinavie,  1845,  p.  60). 

Berzelius»  in  a  letter  to  Prof.  Leonhard  written  as  far  back 
as  1841,  says :  **  Agassiz'  friend  Desor  visited  us  in  September 
last  year,  and  on  seeing  the  immense  boulder  deposits  which 
in  this  couiitry  are  named  asar,  stated  without  hesitation  that 
these  phenomena  could  not  be  explained  by  glaciers,  and  that 
they  were  not  moraines"  (Quart.  Joum,  Geol,  Soc.,  iii.,  p.  76), 

Beclus,  who,  although  not  a  professed  geologist,  has  treated 
geological  problems  with  intelligence  in  his  great  geographi- 
cal work,  is  not  less  emphatic  in  his  conclusion.  Murchison 
and  Verneuil  and  other  '*  old  masters  *'  who  examined  the 
problem  on  the  ground  were  of  the  same  opinion.  Nor  do 
I  know  of  any  geologist  who  now  maintains  the  view  that 
the  asar  are  moraines. 

If  not  moraines,  what  are  the  asar  ?  Hisinger  suggested 
that  they  might  be  the  remains  of  a  gigantic  denudation,  the 
intervening  and  once  continuous  deposits  of  the  same  kind 
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having  been  swept  away.  This  view,  while  it  did  not  in  any 
way  explain  the  internal  structure  of  the  asar,  merely  pro- 
fessed to  explain  their  external  shape  and  distribution.  It 
has  been  completely  analysed  by  Tomebohm,  and  shown  to 
be  quite  untenable ;  nor  do  I  know  any  one  who  now  holds 
it,  or  who  in  fact  professes  to  understand  how  such  a  denuda- 
tion could  come  about.  What  kind  of  diurnal  or  other 
denuding  agency  would  act  in  this  way  and  sweep  out  so 
much  of  the  beds  and  permit  of  these  ramparts  of  soft 
materials  remaining  as  they  are  when  the  rest  of  the  beds 
were  swept  out?  Whence  could  such  an  agency  come? 
How  could  it  work  so  as  to  move  up  and  down  the  country 
irrespective  of  its  contour  and  leave  these  mounds  thus? 
Where  has  the  debris  of  the  gigantic  denuding  process  gone 
to  ?  How  is  it  that  the  covering  of  the  asar,  which  is  formed 
of  finely  levigated  brick-earths,  is  also  the  covering  of  the 
intervening  plains  on  either  side?  But  I  will  not  argne 
against  a  cause  which  has  no  defenders,  nor  kill  again  the 
corpse  which  Tomebohm  slew. 

The  contour  of  their  surface,  the  rounding  and  arrangement 
of  the  boulders  in  them,  with  their  longer  axes  symmetrically 
placed  parallel  to  the  lines  of  the  ramparts,  the  stratified  sands 
and  laminated  clays,  the  current  bedding,  the  presence  of  shells 
and  microscopic  protozoans,  are  all  conclusive  that  the  asar 
are  the  result  of  aqueous  action  in  some  form  or  other ;  and 
Mr.  James  Geikie  himself,  who  represents  the  high-water  level 
of  English  and  Scotch  glacialism,  says  **  all  geologists  admit 
that  the  asar  are  in  the  main  water-formed  accumulations  ". 
Rrdmann,  Tornebohm,  Nathorst,  and  all  the  other  northern 
geologists  known  to  me,  are  of  the  same  opinion.  When  we 
come,  however,  to  discuss  the  particular  kind  of  aqueous 
agency  to  which  the  asar  may  be  assigned,  and  the  method  in 
which  it  worked,  the  unanimity  at  once  ceases. 

The  superficial  resemblance  of  the  asar,  when  drawn  on  a 
sheet  of  paper,  to  rivers  with  a  main  trunk  and  branching  oflf 
into  smaller  affluents,  perhaps  first  suggested  the  idea  that 
they  had  something  to  do  with  rivers  and  river  action,  a  view 
which  has  prevailed  very  considerably  in  text-books,  but 
which  seems  to  me  to  be  absolutely  untenable. 

Two  theories  of  the  fluviatile  orisfin  of  the  asar  have  been 


The  Fluviatile   Theory  of  Asar.  383 

propounded,  one  treating  them  as  the  result  of  sub- aerial 
rivers  and  the  other  of  sub-glacial  streams.  I  would  first 
criticise  the  general  theory  of  fluviatile  origin. 

In  the  first  place,  as  we  have  seen,  the  asar  do  not  run 
along  level  surfaces  nor  along  continuous  slopes,  but  they 
frequently  run  up  and  down  hill.  Sometimes  they  are  found 
at  a  height  of  2,000  feet  and  sometimes  only  a  few  feet  above 
the  sea-level,  and  they  run  up  and  down  the  undulating 
country  keeping  the  same  general  direction.  Now  whatever 
movements  are  possible  with  ice  under  certain  conditions,  by 
which  it  may  be  able  to  move  up  and  down  slightly  undulat- 
ing districts,  and  sometimes  to  creep  up  hill  to  a  moderate 
extent,  it  would  be  an  entirely  new  and  surprising  fact  that 
water  could  do  so,  unless  contained  in  a  pipe  and  forced  up 
by  pressure  behind.  This  is  an  initial  difficulty  of  the  first 
moment,  and  is  in  fact  absolutely  conclusive.  Water,  except 
in  a  pipe,  cannot  move  contrary  to  gravity,  cannot  travel  up 
and  down  hill  or  mount  a  slope,  and  it  does  not  matter 
whether  the  water  is  in  a  channel  open  to  the  sky,  or  in  a 
channel  covered  with  an  arched  tunnel  of  ice.  It  is  therefore 
impossible  on  this  ground  alone  that  the  asar  could  have  been 
deposited  by  rivers  of  any  kind,  unless  the  contour  of  the 
country  has  entirely  and  radically  changed  since  they  were 
laid  down. 

This  is  by  no  means  the  only  objection  to  the  fluviatile 
theory  of  the  asar.  Their  shape,  when  viewed  in  section,  is 
quite  opposed  to  a  fluviatile  origin.  Eivers  which  run  very 
slowly  and  carry  much  mud,  instead  of  depositing  that  mud 
entirely  in  deltas,  sometimes,  no  doubt,  raise  their  own  beds, 
like  the  lower  Bhine  and  some  rivers  of  Eastern  England  do, 
and  in  this  way  make  themselves  solid  aqueducts  along  which 
they  flow.  These  solid  aqueducts,  however,  have  not  the 
shape  or  contour  of  asar,  with  their  often  steep  and  sharply 
inclined  sides.  This  contrast  in  contour  is  even  more  marked 
in  the  heaps  of  debris  which  form  the  beds  of  sub-glacial 
streams.  Nor  can  I  see  how  rivers  of  any  kind  could  raise 
their  beds  to  the  portentous  height  of  the  asar  and  yet  be  so 
narrow.  Bivers,  again,  must  have  banks,  and  if  of  fluviatile 
origin  the  asar  should  have  banks  on  either  side  while  they 
have  flat  tops  and  no  banks  running  along  their  crests.     The 
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solid  aqueducts  we  have  experience  of  elsewhere  are  none  of 
them  very  high,  but  are  always  breached  and  broken  through 
after  a  time,  where  the  river  escapes  and  forms  itself  another 
channel,  leaving  the  old  bed  meandering  like  a  gigantic  snake 
in  the  valley  bottom.  We  cannot  conceive  such  solid  aque- 
ducts remaining  intact  until  they  have  been  raised  to  a  height 
of  300  or  400  feet. 

Another  difficulty  presents  itself  when  we  compare  the 
contents  of  the  asar  with  those  of  such  river-channels  as  we 
can  examine.  Bivers  which  elevate  their  beds  by  gradual 
deposits  are  necessarily  sluggish  and  slow-flowing  rivers. 
When  rapid,  rivers  become  scouring  agencies  and  not  de- 
positing ones.  How  is  it  possible  to  conceive  of  a  sluggish 
river  depositing  these  enormous  masses  of  cannon-shot  gravel, 
including  great  masses  of  rock,  many  yards  in  cubical  contents 
— not  of  laying  down  a  few  yards  of  such  gravel  when  there 
is  an  occasional  rush  in  the  stream,  but  a  rampart  a  hundred 
miles  in  length  and  fifty  yards  high  ?  The  position  is  in- 
credible. The  Nile,  the  Bhine,  the  Indus,  the  Amazon,  all 
these  deposit  beds,  but  they  are  beds  of  finely  sifted  mud. 
Again,  in  depositing  stones,  rapid  rivers  sift  them  according 
to  their  specific  gravity,  and  do  not  mingle  them  higgledy- 
piggledy  as  they  are  mingled  here.  If  it  was  a  river  that 
deposited  these  mountains  of  boulders  and  sand,  etc.,  it  must 
have  been  a  very  violent  torrential  river,  and  its  force  quite 
portentous  along  its  whole  course.  If  so,  how  is  it  that  it  did 
not  scour  and  move  away  all  the  sand  and  brick-earth,  and 
carry  them  down  to  its  lower  reaches,  instead  of  laying  them 
down  along  their  whole  course  ?  All  torrential  rivers  known 
to  me  have  clean- washed,  stony  and  gravelly  beds,  with  deltas 
or  reaches  lower  down,  formed  of  the  lighter  materials  of 
denudation. 

But  in  bespeaking  torrential  rivers  of  this  kind  in  Sweden 
we  are  postulating  a  virtual  impossibility.  The  level  of 
Sweden  is  too  low  and  too  flat  to  afford  such  rivers.  To  get 
rapid  rivers  we  must  have  steep  slopes  in  their  beds.  Of 
course  we  have  a  rapid  enough  flow  at  places  like  TroUhattan, 
on  the  Gota  Biver,  and  in  other  gorges  where  we  have  rapids 
like  those  in  the  gorges  of  the  Bhine,  but  there  is  no  de- 
posit like  an  asar  deposit  in  these  gorges  now.     We  cannot 
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conceive  any  deposit  of  any  kind  long  remaining  in  such 
places,  nor  does  it  seem  possible  that  these  gorges  existed 
when  the  asar  were  made.  Elsewhere  than  at  these  gorges 
the  rivers  of  Sweden  are  qniet  and  slow-moving,  and  deposit 
not  great  masses  of  huge  boulders,  but  sand  and  silt  and 
mud.  They  must  have  been  slower  and  less  efficient  as 
dynamical  instruments  when  the  level  of  the  country  was 
much  lower,  as  apparently  was  the  case  in  Sweden  in  so- 
caUed  glacial  times.  Again,  the  rivers  of  Sweden  naturaUy 
flow  from  west  to  east,  or  north-west  to  south-east,  in 
channels  in  which  they  drain  the  upper  plateau  by  running 
downhill  to  the  sea,  while,  as  I  have  said,  the  asar  run 
from  north  to  south,  right  across  the  present  river-channels 
and  right  across  the  lines  of  drainage  of  the  country. 

Again,  rivers  make  deltas.  When  they  have  run  their 
course,  and  get  on  to  fairly  level  ground,  they  deposit  fan-like 
stretches  of  mud  and  clay.  There  are  no  similar  phenomena 
in  the  case  of  the  asar,  which  do  not  terminate  as  deltas  at 
all,  the  flat  spreads  of  gravel  sometimes  occurring  in  connec- 
tion with  them  being  torrential,  and  not  like  river  deltas. 

Bivers  naturally  have  wider  and  wider  channels  as  we 
move  away  from  their  sources  to  their  mouths,  and  as  their 
supply  of  water  increases  from  their  several  feeders,  and 
consequently  as  their  loads  of  debris  increase.  This  means 
that  their  beds  become  wider  and  deeper  as  we  proceed 
downwards  along  their  course.  They  are  thus  quite  different 
to  the  more  or  less  uniform  ramparts  called  asar,  which 
chiefly  change  in  bulk  in  the  fact  that  they  are  bigger  at  their 
initial  stage  than  later  on. 

It  seems  absolutely  impossible  to  correlate  the  asar  of 
Dalecarlia  and  those  of  Finland,  some  of  which  actually  cross 
one  another,  while  others  are  xmited  by  cross  pieces,  with  any 
river-beds,  whether  sub-aerial  or  sub-glacial.  Again,  rivers  of 
any  size  generally  contain  fresh -water  shells  or  other  debris. 
The  asar,  on  the  contrary,  when  they  contain  shells  at  all, 
contain  marine  shells  only.    Bivers  do  not  deposit  marine  shells. 

Liastly,  we  must  not  forget  that  although  we  are  consider- 
ing the  asar  as  substantive  phenomena  apart  altogether  from 
other  deposits,  it  is  only  for  convenience  of  treatment.     We 

cannot,  in  fact,  separate  the  asar  and  their  contents  from  the 
II.  25 
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sporadic  and  other  deposits  of  the  same  kind  occurring  else- 
where. The  asar  are  only  heaped-up  ramparts  of  materials 
which  occur  in  other  areas  in  a  less  prominent  fashion,  in 
some  cases  as  scattered  boulders,  in  others  as  continuous  beds 
of  sand  and  gravel  and  brick-earth,  or  in  terraces  in  valleys. 
Especially  is  this  so  with  the  brick-earth  or  loam  which  often 
forms  their  upper  layers.  This  is  really  part  of  the  continuous 
mantle  of  the  country.  Such  different  deposits  occur  virtually 
at  all  levels.  How  is  river  action  to  account  for  these  com- 
plementary phenomena  ?  Bivers  cannot  spread  over  a  whole 
country  so  vast  as  Sweden.  They  would  cease  to  be  rivers, 
and  would  become  quite  transcendental,  like  Baron  Mun- 
chausen's dreams,  and  if  they  did  so  they  would  interfere 
with  each  other's  beds,  and  the  ramparts  would  have  been 
levelled  down.  It  is  clear  that  in  finding  an  efficient  cause 
for  the  asar  we  must  find  one  which  will  also  explain  the 
deposit  of  the  drift  occurring  outsidje  them.  Apart  from  and 
altogether  beyond  these  difficulties  is  the  supreme  meteoro- 
logical objection  as  to  whence  the  rainfall  was  to  come  to 
fill  these  stupendous  rivers,  running  parallel  to  one  another, 
quite  near  together,  and  forming  such  a  web  of  rivers  as  was 
never  seen  elsewhere.  Where  is  the  gathering-ground  and 
where  are  the  watersheds  which  could  produce  such  a  con- 
geries of  rivers?  This  is  an  important  matter  for  those 
among  us  who  believe  in  inductive  methods  in  science.  It 
is  apparently  of  no  consequence  to  those  geological  alchemists 
who  are  continually  engaged  in  extracting  palm  oil  out  of 
paving-stones.  We  cannot  understand  any  meteorological 
or  physical  change  which  could  supply  the  necessary  rainfall 
for  such  rivers. 

Therefore,  on  every  possible  ground  known  to  me,  it  seems 
quite  impossible  to  connect  the  asar  with  river  action.  This 
is  not  my  view  only,  it  was  also  the  view  of  my  master, 
Murchison.  He  says:  "  However  it  may  be  argued  that  in 
mountainous  tracts  torrential  rivers  and  their  feeders  may 
have  descended  as  they  do  now,  and  may  have  produced 
rounded  materials  in  valleys,  the  argument  is,  at  all  events, 
inapplicable  to  the  formation  of  the  Swedish  asar.  These 
linear  ridges  have  not  only  been  accumulated  in  long  trainees 
and  lengthened  mounds  on  terraces  high  above  the  valleys. 
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but  oflfer  appearances  entirely  unlike  those  produced  by 
rivers."  Some  other  very  forcible  and  effective  arguments 
against  the  fluvialite  origin  of  eskers  were  given  by  the  late 
Prof.  Green  (see  Olacial  Nightmare,  p.  792). 

Notwithstanding  these  very  obvious  objections  to  the 
fluvialite  origin  of  the  asar,  the  view  that  they  were  in 
some  way  formed  by  rivers  has  very  largely  prevailed. 

Struck  by  the  branching  lines  formed  by  the  asar  in  which 
the  continuous  main  trunks  send  out  smaller  affluent  trunks, 
Mr.  Tornebohm  actually  treats  them  as  old  river-beds, 
and  has  a  most  complicated  theory  by  which  he  professes 
to  explain  the  asar,  but  in  doing  so  presents  us  with 
many  and  more  serious  problems  than  the  one  he  is 
solving. 

According  to  this  most  extraordinary  theory,  the  whole 
country  traversed  by  the  asar  was  once  choked  (in  some 
places  to  a  depth  of  180  feet  at  least)  with  a  mantle  of  sand 
or  mud.  Through  this  sandy  mantle  rivers  began  to  run,  and 
first  formed  channels  and  then  filled  up  these  channels  with 
the  stratified  deposits  such  as  we  find  in  the  asar.  Lastly, 
some  great  denuding  force  swept  away  the  whole  of  this  mass 
of  sand  save  only  the  river-courses  which  are  now  left  as  asar. 
Can  anything  be  more  fantastic  when  tested  by  the  actual 
facts  ?  Whence  was  this  mantle  of  sand  derived  ?  Whither 
has  the  product  of  denudation  been  carried?  How  could 
rivers  be  formed  in  spite  of  and  at  right  angles  to  the 
natural  drainage  of  the  country?  Where  do  we  find  any 
district  traversed  by  a  series  of  parallel  rivers  in  this  way, 
save  in  the  case  of  the  upper  tributaries  of  some  river  with  a 
vast  watershed  like  the  Upper  Indus  ?  Here,  inasmuch  as 
the  subordinate  asar  all  join  the  main  trunks  on  their  eastern 
side,  the  rivers  must  have  flowed  from  north-east  to  south- 
west, while  the  mountain  chain  of  the  Dovrefeld,  the  water- 
shed of  the  country,  runs  north  and  south.  How  could  rivers 
flow  up  and  down,  traversing  great  hollows  like  the  Malar 
Sea?  Where  do  we  find  rivers  having  continuous  beds  of 
this  depth  or  character  ? 

Dr.  Hummel  says  of  this  theory  that  it  is  inconceivable 
that  so  much  mud  should  have  existed  without  leaving  some 
trace  behind,  particularly  as  the  form  of  the  Swedish  plateau 
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is  such  as  would  be  likely  to  prevent  its  complete  removal. 
Traces  of  the  mud  plain  might  be  certainly  expected  to 
occur  between  the  asar  or  esker  deposit  and  the  underlying 
boulder  clay,  but  though  the  contact  of  the  two  can  be 
plainly  seen  there  are  no  signs  of  mud,  but  on  the  contrary 
the  boulder  clay  and  the  esker  materials  pass  into  each 
other  (see  Sollas,  Trans,  of  the  Royal  Dub.  Soc,,  Series  ii.,  v., 
p.  789). 

Prof.  James  Geikie  says :  ''  Banks  of  gravel  and  sand  no 
doubt  accumulate  in  the  beds  of  rivers,  but  if  the  rivers  were 
to  disappear,  such  banks  would  not  form  prominent  ridges 
rising  abruptly  above  the  general  level  of  the  surrounding 
land.  They  would,  moreover,  coincide  throughout  any 
course  with  the  lowest  level  of  the  valley,  but  our  asar, 
although  they  trend  with  the  general  inclination  of  the  land, 
do  not  slavishly  follow  the  line  of  lowest  level,  showing  an 
independence  of  the  minor  features  of  the  ground,  sometimes 
winding  along  one  side  of  a  valley,  and  sometimes  along  the 
other  "  (Great  Ice  Age,  p.  169). 

In  regard  to  Tomebohm's  and  similar  views,  Sollas  has 
some  pointed  remarks.  He  asks  how  could  a  ridge  of  loose 
material  have  been  deposited  from  water,  as  the  eskers  have 
been,  and  yet  have  acquired  such  steeply  sloping  sides?  The 
only  answer  that  can  be  given  is  that,  during  deposition, 
boundary  walls  must  have  existed  by  which  it  was  held  up. 
What  then  were  these  walls  ?  Might  they  not  have  been  a 
lateral  extension  of  the  esker  itself,  a  lateral  extension  so 
wide  as  to  constitute  an  alluvial  plateau  ?  An  answer  to  this 
question  in  the  affirmative  has  been  given  by  at  least  one 
Irish  geologist,  Mr.  M.  Harrison  (Procs.  of  the  Belfast  Field 
Club,  Series  ii.,  vol.  i.,  p.  100).  Tomebohm  and  others  in 
Sweden  had  already  proposed  it.  This  view  was  rejected, 
inter  aliay  by  Jukes  (Mems,  Geol,  Survey,  98,  99, 108,  109,  p.  8). 
In  the  first  place,  he  says  the  existing  drainage  system  of 
the  country  is  not  related  to  the  eskers  in  a  manner  which 
would  suggest  such  an  explanation.  In  the  next  place,  the 
structure  of  the  eskers  themselves  is  definitely  opposed  to  it, 
since  the  stratified  material  of  which  they  consist  is  frequently 
arranged  so  as  to  dip  parallel  to  the  sides  of  the  ridge,  and 
in   addition,  the  separate  ridges  sometimes  unite  so  as  to 
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inclose  deep  hollows  between  them,  which  could  not  by  any 
possibility  have  been  excavated  by  a  stream.  Again,  it  may 
be  asked,  where  have  the  denuded  materials  gone  to  ?  Sollas 
therefore  urges  that  it  is  impossible  to  explain  eskers  as 
the  denuded  remains  of  a  plateau. 

While  Tomebohm  connected  the  asar  with  ordinary  sub- 
aerial  streams,  the  great  majority  of  glacialists  have  appealed 
to  streams  formed  by  glaciers  or  ice-sheets,  considering  that 
these  would  more  or  less  meet  the  objections  first  urged  to  sub- 
aerial  rivers.  Hummel  published  his  famous  paper  on  the  asar 
in  1874.  It  is  entitled  "Om  Bulls tenbildungen,"  and  is 
contained  in  the  Transactions  of  the  Swedish  Academy,  He 
first  definitely  connected  the  formation  of  asar  with  the  ice- 
sheet  and  its  streams.  He  connected  them  with  the  ice  itself 
by  arguing,  first,  that  their  general  direction  was  assimilated 
to  that  of  the  striae  on  the  rocks.  Secondly,  on  the  ground 
of  the  not  infrequent  interchange  of  material  between  esker 
material  and  boulder  clay  in  the  same  system  of  eskers. 
Thirdly,  because  of  the  presence  of  angular  erratics  on  the 
eskers,  and  also  the  presence  of  a  covering  to  eskers  not 
unhke  terminal  moraine-material ;  and,  fourthly,  the  occur- 
rence of  marked  dislocations  in  eskers. 

On  the  other  hand,  he  pointed  out  that  while  these  characters 
connect  the  eskers  with  the  ice,  others  connect  them  with 
running  water,  i.e.,  the  often  beautifully  stratified  character 
of  the  kernel  of  the  eskers,  the  frequent  occurrence  of  false 
bedding,  etc.  Hence,  he  argued,  they  were  due  to  running 
water  acting  over  a  long  time  with  sufficient  force,  and  a  force 
acting  at  right  angles  to  the  direction  of  the  esker.  Nothing 
but  a  melting  ice-sheet  could,  in  his  view,  give  these  condi- 
tions (see  Sollas,  op.  cit,,  p.  790). 

He  then  proceeds  to  argue  that,  as  in  modern  glaciers,  the 
water  formerly  flowed  under  the  ice-sheets  in  tunnels  or 
rows  of  tunnels. 

"Given,  he  urges,  the  possibility  of  such  action  of  the  water 
on  the  bottom  of  the  inland  ice,  and  the  explanation  of  the 
high-land  eskers  becomes  comparatively  simple.  The  ground 
moraine  is  exposed  to  the  action  of  the  flowing  water;  it 
becomes  converted  by  degrees  into  a  water-worn  material, 
which  is  transported  by  the  moving  water  to  the  glacier 
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tunnel,  and  is  forcibly  pressed  in,  until  the  tunnel  is  filled 
with  it;  the  lateral  streams  aie  then  compelled  to  form  a 
new  tunnel  by  the  side  of  the  old ;  the  new  one  is  in  turn 
filled  up  and  another  excavated,  and  so  on.  The  ice  thus 
acts  both  by  determining  the  movement  of  the  water,  and 
by  affording  a  mould  within  which  water-worn  material  is 
collected.  The  greater  the  thickness  of  the  ice,  and  the 
greater  the  fall  of  the  water,  the  larger  the  sub-glacial 
tunnels,  and  the  greater  the  dimensions  of  the  eskers.  .  .  . 
The  frequent  deviation  of  the  eskers  from  the  direction  of 
the  glacial  striation  is  due,  according  to  Hummel,  to  the 
ramifications  of  the  ice  valleys,  and  from  these  ramifications 
also  result  esker  spurs  and  knots.  .  .  .  The  often  obvious 
independence  of  the  eskers,  and  the  slope  of  the  ground, 
their  great  and  numerous  interruptions,  their  isolated  posi- 
tion, the  appearance  they  often  present  of  having  been  very 
rapidly  heaped  together — these  facts,  he  urges,  may  be 
regarded  as  the  effects  of  changes  in,  and  on,  the  inland  ice, 
and  in  the  volume  and  velocity  of  the  lateral  streams  '*  (SoUas, 
op.  ct^,  pp.  791,  792). 

The  views  thus  urged  by  Hummel  did  not  become  generally 
popular.  They  were  followed  by  another  theory  which  was 
largely  adopted  in  this  country  and  America.  Prof.  Geikie 
and  SoUas  both  view  it  favourably,  so  do  the  more  ex- 
travagant of  the  American  glacialists  like  Salisbury.  This 
theory  was  propounded  by  Hoist,  in  1876  and  1877,  in  bis 
paper  entitled  ''  Om  de  Glaciala  Bullstensasarne,"  published 
by  the  Stockholm  Geological  Society.  Hoist,  while  rejecting 
Tomebohm's  mud-plain  theory,  points  out  that  it  had  at 
least  the  merit  of  perceiving  that  the  asar  required  sustain- 
ing walls  for  their  formation,  and  that  these  have  since 
disappeared.  He  rejects  Hummel's  view  of  sub-glacial  tunnels 
as  the  moulds  of  the  asar,  on  the  main  ground,  I  take  it, 
that  he  could  not  explain  how  ground  moraines  could  supply 
the  gravel  in  the  asar,  which  is  lifted  up  so  high  above  the 
glacier  bed.  He  urged,  on  the  contrary,  that  these  moulds 
were  supra-glacial  streams  and  not  sub-glacial  ones.  He 
thus  states  his  view.  "  On  the  melting  of  the  inland  ice 
streams  formed  on  its  surface,  which  worked  back  from  the 
margin  of  the  ice  until  they  formed  ice-canons ;  at  the  same 
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time  englacial  drift  (which  is  assumed  to  have  existed  in 
considerable  quantity)  was  set  free,  worn  by  running  water 
into  rounded  gravel,  and  sorted  and  arranged  in  layers  on 
the  bed  of  the  stream.  Thus  the  englacial  fragments,  which 
lay  near  the  upper  surface  of  the  ice,  formed  the  lower  parts 
of  the  as.  On  the  final  melting  of  the  ice,  the  deposits  in 
the  river 'bed  remain  behind  as  an  as.  .  .  .  The  surface  of 
asar  is  sometimes  covered  with  angular  detritus.  This,  it 
is  argued,  is  englacial  drift,  which  was  deposited  in  the  last 
stages  of  the  melting  of  the  ice  when  the  running  water  was 
diminishing  in  strength.  Hoist  gives  serious  reasons  for 
rejecting  the  formation  of  asar  from  ground  moraines  as 
argued  by  Hummel.  Thus,  he  argues,  that  as  the  asar 
often  run  at  a  considerable  height,  to  which  running  water 
could  not  lift  their  material,  it  was  lifted  up  by  the  ice 
and  from  it  carried  down  and  heaped  together  in  the  asar. 
The  interruptions  which  so  often  occur  in  the  course  of  an 
as,  he  suggests,  may  have  been  caused  by  obstacles  to  the 
flow  of  the  water.  Thus  a  rapid  accumulation  of  pebbles  may 
have  caused  a  diversion  in  the  course  of  a  river,  so  that  instead 
of  flowing  in  a  cafLon  it  would  proceed  over  or  under  the  ice" 
(SoUas,  op,  cit.,  pp.  793,  794). 

Salisbury's  explanation  of  the  American  asar  or  eskers 
closely  follows  Hoist's.  He  argues  that ''  super-glacial  streams 
wear  channels  and  valleys  in  the  ice  much  as  streams  wear 
channels  and  valleys  in  the  surface  of  the  land.  Other  things 
being  equal,  valleys  would  be  more  easily  excavated  in  ice 
than  in  rock,  since  ice  is  softer  than  rock,  and  since  the 
streams  would  deepen  their  courses  by  melting  their  beds  as 
well  as  by  abrasion.  Wherever  there  was  rock  debris  upon 
the  surface  of  the  ice  this  would  be  slowly  gathered  into  the 
channels  of  the  streams  by  the  movement  of  the  water  into 
them,  as  well  as  by  the  action  of  gravity,  which  would  carry 
it  down  the  ice-slopes  bordering  the  valleys.  If  the  ice  which 
occupied  the  space  of  the  valley-trough  before  the  latter  was 
excavated  contained  drift,  such  drift  would  accumulate  at 
the  bottom  of  the  valley  as  the  embedding  ice  was  melting 
or  worn  away.  Some  part  of  the  material,  accumulated  by 
one  process  or  another  in  the  super-glacial  valley,  would  be 
removed  by  the  water  coursing  through  it.     If  the  water  was 
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unable  to  move  all  the  material,  the  finer  would  go  and  the 
coarser  would  remain.  In  process  of  time,  if  the  stream  held 
its  course  without  interruption,  a  more  considerable  filling  of 
gravel  and  boulders  might  be  made  in  the  bottom  of  the 
super-glacial  valley.  Over  and  through  this  filling  the  water 
would  move.  Should  the  ice  on  which  such  a  valley  exists 
become  stagnant  .  .  .  the  ice  beneath  and  around  the  valley 
would  melt,  and  the  sand,  gravel  and  boulders  accumulated 
in  it  would  be  let  down,  gradually  and  gently,  upon  the 
surface  of  the  land  immediately  beneath  the  original  channel 
in  the  ice.  When  the  ice  was  gone,  this  ice-channel  drift 
would  appear  as  a  ridge,  coinciding  in  geographic  position 
with  the  old  super-glacial  streanL  If  the  super-glacial  streams 
had  tributaries,  their  valleys  might  have  been  partially  filled 
with  debris  like  that  of  the  main  stream,  and  when  the 
ice  had  melted,  the  position  of  the  tributaries  would  be  like- 
wise marked  by  ridges  of  assorted  drift.  Such  ridges  would 
stand  in  the  same  relation  to  the  ridge  of  the  main  stream 
as  the  tributary  rivers  to  their  main  one.  Since  the  slope  of 
the  upper  surface  of  the  ice  was  towards  its  edge,  the  surface 
streams  would  have  their  courses  determined  thereby,  and 
the  courses  of  the  resulting  ridges  would  correspond  in  a 
general  way  with  the  course  of  the  ice  movement. 

''  The  ice  need  not  become  stagnant  before  its  melting  in 
order  that  the  material  in  the  super-glacial  valley  should  be 
deposited  as  a  ridge  on  the  land.  Although  overbalanced  by 
melting,  the  ice  had  a  forward  motion  during  its  recession  in 
many  if  not  in  most  places.  In  such  cases  there  might  be 
super-glacial  streams  where  much  gravel  might  accumulate 
if  the  surface  or  upper  part  of  the  ice  furnished  it.  As  the 
edge  of  the  ice  melted,  the  drift  in  the  ice  valleys  would  be 
delivered  on  the  land  in  proper  form  as  the  ice  melted 
beneath  it,  and  by  the  progressive  recession  of  the  ice's  edge 
the  super-glacial  drift  would  constitute  a  ridge  of  stratified 
sand  and  gravel.  .  .  .  The  super-glacial  valley  might  become 
very  deep,  even  cutting  through  the  ice.  The  stream  would 
then  rest  on  the  land  beneath  the  ice  and  flow  in  an  ice- 
canon,  and  would  accumulate  drift  as  before,  only  it  would 
be  recruited  by  debris  from  the  ice  on  either  hand,  which 
would    have    a    tendency   to    move    inwards    towards    the 
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ice-canon.  This  inward  movement  of  the  ice  would  be 
likely  to  disturb  and  contort  the  regular  stratification  of  the 
material  arranged  by  water  alone.  Such  streams  in  ice- 
cafions  would  be  a  form  of  sub-glacial  streams.  The  latter 
might  build  up  similar  long  mounds,  and  if  the  stream  was 
closely  confined  by  the  overarching  ice  it  might  not  be  able 
to  abandon  its  bed  even  though  this  were  higher  than  the 
land  surface  on  either  hand. 

''  Thus  the  sub-glacial  stream  might  flow  on  a  sub-glacial 
ridge  in  its  channel  because  the  only  course  accessible  to  it 
was  along  the  crest  of  this  ridge.  In  this  case,"  we  are  told, 
**  the  ice  would  tend  to  press  on  on  either  side,  and  the  more 
or  less  regular  stratification  produced  by  the  stream  in  the 
deposits  made  in  the  channel  would  be  disturbed  and  con- 
torted **  (Salisbury,  AnmuiL  Report  State  Geologist ^  New  Jersey  1 
1891,  pp.  88-90). 

Similar  views  are  held  by  another  great  American  glacialist, 
namely,  Mr.  W.  Upham,  who  in  his  later  writings,  like  Mr. 
J.  Geikie,  largely  follows  Hoist.  He  does  not,  however,  re- 
gard the  larger  angular  erratics  occasionally  associated  with 
eskers  as  having  been  left  behind  by  a  melting  glacier  but 
as  dropped  from  floating  ice.  Like  Hoist,  he  supports  the 
view  that  much  of  the  glacial  drift  was  carried  within  the 
substance  of  the  ice,  and  he  cites  Bird's  Hill  esker,  near 
Winnipeg,  as  proving  that  englacial  drift  was  carried  from  a 
nearly  level  country  to  a  height  of  more  than  500  feet  in 
the  ice-sheet  (Sollas,  op,  cit,,  p.  80). 

Sollas  also  speaks  of  an  esker  as  representing  a  cast,  as  it 
were,  of  a  glacier  tunnel  in  gravel  and  sand,  and  presses  the 
view  that  eskers  must  have  been  formed  by  ice,  since  some 
material  must  have  furnished  a  support  to  the  sides  of  the 
eskers  during  formation,  and  this  could  have  been  nothing 
else  than  ice. 

Sollas  says  the  chief  difference  which  distinguishes  an 
esker  chain  from  a  river  system  is  its  discontinuity,  gaps  of 
various  length,  from  a  few  yards  to  several  miles,  breaking  it 
up  into  a  number  of  links  of  unequal  size.  These  gaps,  lie 
suggests,  may  result  from  subsequent  denudation  in  which 
liberated  floods  have  breached  them,  or  may  mark  stretches 
of  glacial  rivers  where  sediment  was  never  deposited.     He 
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confesses,  however,  that  many  important  problems  connected 
with  the  formation  of  eskers  still  wait  for  solution — ^such,  in 
particular,  as  the  remarkable  manner  in  which  they  run  up 
and  down  hills  100  to  200  feet  in  height. 

Such  are  the  main  features  of  the  two  principal  theories 
connecting  the  asar  with  ice-streams,  namely,  that  which 
connects  them  with  sub-glacial  and  that  which  associates 
them  with  supra-glacial  streams.  Now,  in  regard  to  both 
these  theories,  it  seems  to  be  forgotten  by  every  glacial 
geologist  that  a  sub-glacial  river,  or  a  river  flowing  in  a 
cafLon  or  an  ice-sheet,  differs  from  other  rivers  only  in  the 
fact  that  in  the  one  case  it  flows  in  an  ice-tunnel,  and  that  in 
the  other  the  bed  of  the  river  is  ice  instead  of  being  rock,  or 
gravel,  or  sand.  In  every  other  respect  it  resembles  an  ordi- 
nary sub-aerial  river  in  regard  to  its  dynamical  capacity  and 
powers  of  portage,  and  is  dominated  by  the  same  conditions; 
and  every  difl&culty  which  has  previously  been  pointed  out 
in  regard  to  the  explanation  of  the  asar  by  fluviatile  agency 
is  as  potent  and  conclusive  against  these  postulated  glacial 
or  glacier  rivers  as  it  is  against  ordinary  rivers.  In  addition 
they  present  special  difficulties  of  their  own  which  I  criticised 
in  my  Glacial  Nightmare  (p.  814,  etc.).  Other  objections  remain, 
however,  thus : 

I  am  at  a  loss  to  know  wlience  the  water  for  these  streams 
could  be  derived.  The  sub-glacjial  streams  of  glaciers  are 
easy  enough  to  explain.  They  are  almost  entirely  due  to  the 
surface  melting  of  the  snow  and  ice  which  forms  runlets  on 
the  glacier's  back,  and  which  fall  down  the  crevasses  in 
numerous  cascades  and  accumulate  in  the  streams  at  the 
base  of  the  glacier ;  but  in  the  postulated  ice-sheets,  a  mile 
or  two  miles  thick,  there  could,  as  we  have  seen,  be  no  such 
crevasses ;  the  tension  required  to  crack  such  a  mass  of  ice  and 
make  it  gape  would  not  be  available,  and  if  it  were,  such 
crevasses  would  close  up  again  as  they  do  in  the  case  of  glaciers 
when  the  ice  reached  level  ground,  over  which  it  is  said  to 
have  travelled  for  so  many  hundreds  of  miles.  I  cannot  see, 
therefore,  whence  the  sub-glacial  rivers  could  be  derived,  for  in 
the  days  of  thick-ribbed  ice  everywhere,  there  could  hardly  be 
any  melting  of  the  substance  of  the  glacier  save  on  its  surface, 
where  it  might  be  subject  to  ablation  by  direct  solar  radiation. 


Asar  and  Sub-glacial  Streams.  395 

And  suppose  the  water  were  obtained  to  form  the  rivers,  these 
rivers  can  only  have  run  down  hill  and  along  lines  of  least 
resistance,  and  could  not  make  journeys  over  hill  and  dale 
as  the  capering  ice-sheets  are  supposed  to  have  done. 

You  do  not  in  any  way  remove  the  difl&culty  of  making 
water  run  up  and  down  hill  by  covering  your  ice-streama 
with  tunnels.  In  order  that  it  should  so  run,  the  tunnela 
must  be  pipes  gorged  with  water,  and  have  water  pressing 
upon  them  from  behind,  which  is  not  postulated  and  would 
in  fact  be  at  issue  with  the  very  nature  of  ice-sheets. 

No  doubt  tunnels  exist  in  glaciers,  and  through  them  ice- 
streams  flow,  but  the  drainage  from  a  modem  glacier  con- 
tending for  half  the  year  against  the  sun  and  warm  winds 
must  be  excessive  compared  with  any  corresponding  drainage 
from  an  ice-sheet  in  the  ice  age.  How  then  are  we  to  ex- 
plain not  merely  ordinary  ice-tunnels  running  up  and  down  hill 
like  a  breakback  railway,  but  extending  for  a  hundred  miles 
long  in  the  same  direction,  180  feet  high,  and  in  places  only 
twenty  or  thirty  paces  wide,  and  cutting  through  the  ice  in 
a  direction  (as  shown  by  the  striae  on  the  rocks)  very  often 
ditferent  to  that  of  the  flow  of  the  ice  ?  Such  tunnels  seem 
to  be  quite  out  of  the  reach  of  any  sub-glacial  streams  to 
make.  If  we  could  understand  the  making  of  the  tunnels, 
how  can  we  explain  their  being  filled  up  to  the  enormous 
.  height  mentioned  by  the  debris  which  form  the  asar?  If 
the  streams  were  sufficiently  powerful  to  move  the  great 
erratics  found  in  and  on  the  asar,  and  to  cause  the  often 
tumultuous  and  confused  character  of  their  inner  layers,  they 
must  have  completely  scoured  their  beds  and  swept  away  all 
soft  materials  hke  clay  and  sand,  and  must  have  also  enlarged 
the  tunnels  to  a  great  width  by  wearing  away  their  sides. 

Suppose  the  tunnels  and  the  streams  were  available,  how 
were  the  materials  for  making  the  asar  to  be  obtained? 
Suppose  we  grant  the  feasibility  of  the  ground  moraine  theory 
as  generally  accepted  by  modem  glacialists,  and  that  we  can 
understand  a  mass  of  ice  under  the  pressure  of  many  tons  to 
the  square  inch  *'  plucking  "  up  pieces  out  of  its  own  bed 
which  it  has  previously  crushed  and  broken — ^a  view  which  I 
have  previously  criticised  and  shown  to  be  fantastic — this  would 
assist  us  very  little  in  explaining  what  we  want  to  explain. 
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If  such  a  plucking  process  were  possible  anywhere,  it  must 
have  been  not  where  the  ice-tunnel  was,  where  there  was  no 
ice  in  contact  with  the  ice-bed,  but  in  the  spaces  intervening 
between  these  tunnels.  It  is  there  that  the  ground  moraine 
ought  to  have  accumulated  and  not  in  the  bed  of  the  sub- 
glacial  streams;  but  it  is  exactly  there  that  it  has  not  ac- 
cumulated; and  one  of  the  conspicuous  features  about  the 
surface  drift  of  Scandinavia  is  the  accumulation  of  the  great 
blocks  on  the  asar  and  their  absence  on  the  intervening  plain ; 
but  even  if  the  plucking  process  were  possible  on  these  inter- 
vening spaces,  it  could  only  supply  a  very  small  quantity  of 
debris. 

Directly  a  thin  layer  of  such  material  was  spread  over  the 
bed  of  the  ice-sheet,  how  could  any  fresh  materials  be  obtained 
by  any  process  of  plucking  to  build  up  any  deposit  to  the 
height  of  some  hundreds  of  feet  ?  In  order  to  pluck  up  stones 
the  ice  must  have  been  in  contact  with  its  stony  bed  ;  and  we 
utterly  fail  to  understand  how  the  plucking  process  of  the 
American  geologists  could  be  carried  on  after  that  stony  bed 
was  protected  by  a  mantle  of  soft  materials.  How  could  the 
ice  go  on  plucking  stones  from  beneath  layers  of  drift  forty, 
fifty  or  a  hundred  yards  thick  ?  We  are  here  only  considering 
the  bed  of  the  ice-sheet  when  the  ice  was  in  actual  contact 
with  it.  The  problem  to  be  solved,  however,  is  how  debris 
could  accumulate  in  the  form  of  asar  when  the  ice  was  not  in 
contact  with  its  bed,  but  that  bed  was  covered  with  a  tunnel, 
and  when  the  only  dynamical  agent  available  was  the  supposed 
sub-glacial  stream.  Where  would  the  ice-stream  get  its 
ground  moraine  from  under  such  conditions  ?  It  could  not 
borrow  it  from  the  areas  flanking  it  on  either  side,  since  there 
would  be  no  lateral  movement  in  the  debris  underlying  the  ice 
there,  and  these  areas  do  not  now  contain  materials  Uke  those 
forming  the  asar.  It  could  not  get  it  from  its  own  bed,  for  if 
ice  can  indulge  in  the  process  of  ''  plucking,"  '\Q,%-%tream&  cannot ; 
and  be  it  remembered  the  problem  involves  not  merely  securing 
a  thin  layer  of  sifted  gravel  and  boulders  in  a  sub-glacial  stream, 
such  as  we  find  in  living  glacier  streams,  but  the  piling  up  of 
vast  mounds  more  than  a  hundred  feet  high  of  sand  and  clay 
and  other  easily  scoured  materials. 

There  is  no  room  for  an  appeal  to  the  northern  extremities 
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of  the  asar  as  furnishing  some  cine  to  whence  and  how  their 
materials  were  recruited  from  ground  moraines.  Asar  are 
not  terminating  banks  whose  earlier  course  is  marked  first 
by  a  long  course  where  erosion  and  not  deposition  took 
place,  and  which  became  gradually  higher  as  the  supposed 
tunnels  were  more  gorged  with  material.  One  of  the  features 
of  the  asar  is  that  they  are  generally  highest  where  they  start 
and  become  somewhat  lower  as  they  progress. 

It  must  further  be  remembered  that  Hummel  and  the 
champions  of  his  theory  claim  that  the  ice-streams  rolled  the 
boulders  in  the  asar  into  their  present  rounded  and  polished 
form.  How  could  masses  of  gneiss  and  basalt  be  eroded  and 
rounded  when  rolled  not  along  a  hard  bed  of  rock  but  on 
beds  of  sand  and  clay  containing  a  sprinkhng  of  stones 
such  as  the  asar  are?  If  such  streams  were  capable  of  so 
roUing  them,  they  must  have  scoured  everything  away. 
Hummel  did  not  stop  here,  however.  He  went  on  to  appeal 
to  a  fantastic  capacity  in  ice  for  raising  stones  into  its  sub- 
stance and  lifting  them  up  for  hundreds  of  feet,  and  he  thus 
explained  the  raising  of  the  ground  moraine  in  which  he  be- 
lieved, and  consisting  so  largely  of  loose  sand  and  gravel,  to 
the  high  levels  where  these  last  are  now  found. 

I  have  already  discussed  ad  nauseam  this  supposed  capacity  of 
ice  to  perform  such  extraordinary  feats  in  mechanics.  I  will 
now  only  quote  a  sentence  from  Mr.  James  Geikie,  which  I 
think  a  very  effective  reply  to  the  extraordinary  notion.  He 
says :  **  Some  geologists  have  pictured  to  themselves  a  constant 
travelling  upwards  of  the  bottom  moraine  into  the  mass  of 
the  ice,  and  have  imagined  that  in  this  way  the  ancient  mers 
de  glace,  as  they  flowed  on  their  way  must  have  been  more  or 
less  abundantly  charged  with  sub-glacial  detritus.  But  this 
notion  is  contradicted  by  all  that  is  known  of  modern  glacial 
action.  The  glaciers  of  Greenland,  like  those  of  the  Alps, 
show  included  '  dirt  lands,'  but  these  consist  of  dirt  and  grit 
blown  up  by  the  wind  upon  the  surface  of  the  ice  and  sub- 
sequently buried  under  new  falls  of  snow.  The  bottom 
moraine,  as  Drygalski  remarks,  travels  persistently  under  the 
ice  towards  the  ice-front,  and  is  not  carried  up  into  the  ice, 
so  as  to  form  included  layers "  (GrorUands  Oletscher  und 
IfdandeiSf  p.  50;    Great  Ice  Age,  p.  173,  note). 
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It  seems  impossible,  therefore,  whichever  way  we  view  the 
problem,  to  have  recourse  to  snb-glacial  streams  as  an  explana- 
tion of  the  asar.  There  still  remains  the  more  popular  notion 
of  surface  streams  flowing  on  the  back  of  the  ice-sheet  which 
originated  with  Hoist. 

It  is  quite  true  that  when  the  sun  beats  upon  the  back  of 
a  glacier,  or  a  warm  wind  does  the  same,  it  begins  to  melt 
and  small  streams  begin  to  run  on  its  surface,  and  after 
running  a  few  yards  they  generally  fall  down  a  crevasse  and 
disappear,  thus  recruiting  the  sub-glacial  drainage  of  the 
glacier.  If,  as  is  generally  postulated,  however,  the  ice-sheets 
were  of  a  portentous  thickness  reaching  to  two  or  three  miles 
in  depth,  or  anything  like  this,  there  could  be  no  crevasses 
or  ice  cracks,  the  mass  of  ice  being  too  great  to  give  way  to 
such  cleavage,  and  there  might  consequently  be  considerable 
streams  or  ice-rivers  running  on  the  surface  of  the  ice. 

This,  however,  would  be  limited  to  the  smnmer,  when  the 
melting  could  alone  take  place ;  and  for  the  larger  part  of  the 
year  these  same  streams  instead  of  containing  water  would 
be  frozen  tight  and  filled  with  frozen  snow  or  nhyi^  for  the 
wintry  conditions  of  such  an  ice  age  as  is  generally  postulated 
would  be  quite  intolerable.  It  must  be  remembered  that  Dr. 
Nansen,  when  he  crossed  the  inland  ice  of  Greenland,  which 
is  the  nearest  analogy  we  have  to  an  ice-sheet,  found  no  super- 
ficial ice-streams  or  rivers,  but  a  continuous  dome  of  ice  and 
frozen  snow.  It  is,  therefore,  very  difficult  to  understand 
how  Hoist's  portentous  ice-cafions  could  be  formed  at  all. 
They  would  have  to  be  at  least  200  feet  deep  with  steep  sidea 

I  have  argued  that  water  could  not  cut  out  fiords  and 
cafions  of  this  shape  out  of  hard  rocks,  nor  do  I  see  how  it 
could  do  it  in  the  case  of  ice,  especially  when  the  flow  of  the 
ice  was  intermittent  so  that  the  channels  would  each  winter 
be  again  choked  with  snow  which  would  be  hard  frozen. 
I  say  that  the  proceeding  seems  quite  fantastic. 

Having  secured  the  caikons,  however,  how  were  they  to  get 
filled  up  with  drift,  until  they  formed  mounds  of  drift  180 
feet  high  and  running  for  100  miles?  There  would  be  no 
recruiting  of  materials  from  projecting  rocks,  since  the  ice- 
sheet  would  smother  all  such  under  its  enormous  canopy. 
As  Geikie  very  rightly  says :   **  We  have  no  grounds  for  sup- 
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posing  that  the  old  European  ice-sheets  would  be  charged 
with  included  morainic  matter  to  a  greater  extent  than  the 
mer  de  glace  of  Arctic  and  Antarctic  regions.  Every  one 
who  has  visited  Greenland  bears  testimony  to  the  remarkable 
freedom  of  inland  ice  from  included  morainic  matter.  When 
'  dirt '  or  stones  are  met  with  in  the  ice  they  are  usually 
noted  on  account  of  their  infrequency.  Dr.  Hoist,  who  has 
himself  studied  the  glacial  phenomena  of  Greenland,  has 
indeed  described  the  occurrence  of  very  considerable  super- 
ficial moraines,  but  we  must  remember  that  these  have  been 
derived  from  nunatakker  and  the  exposed  rock  surfaces  over- 
looking the  marginal  areas  of  the  inland  ice  "  (Oreat  Ice  Age, 
p.  172). 

It  seems,  therefore,  hopeless  to  try  and  derive  the  con- 
tents of  the  asar  from  superficial  morainic  matter  of  any 
kind.  Hoist  does  not  in  fact  appeal  to  the  supra-glacial 
source  for  his  drift.  He  turns  to  another  which  seems  much 
more  transcendental,  which  he  calls  the  inner  moraine,  the 
materials  of  which  he  derives  from  the  higher  rock  ledges 
overflowed  by  the  ice-fragments  detached  from  the  upper 
parts  of  ice-drowned  mountains  and  cliffs  and  travelling 
forward  imbedded  in  the  mass  of  the  mer  de  glace.  This 
is  surely  quite  arbitrary  imagination.  The  pinnacles  and 
rocks  projecting  above  the  ice  get  disintegrated  in  conse- 
quence of  the  intermittent  action  of  frost  and  thawing,  but 
below  the  ice  the  intermittent  changes  of  temperature  are 
impossible,  except  to  a  quite  small  extent.  Such  fragments 
again  would  be  angular.  How  could  they  possibly  be  rolled 
into  gravel  and  boulders  on  a  bed  like  an  asar  largely  com- 
posed of  sand  and  clay?  If  such  a  process  were  possible 
again,  the  upper  ice  layers  of  glaciers,  whose  movement  is  in 
all  probability  much  faster  than  that  of  any  mer  de  glace  or 
ice-sheet,  ought  to  show  a  large  number  of  embedded  stones 
instead  of  being  as  free  from  them  as  they  are  in  Greenland, 
for  instance.  The  supply  of  materials  is  therefore  an  un- 
solved crux  to  Dr.  Hoist  and  his  followers.  Let  that  pass, 
however. 

Having  secured  a  supply  of  stones,  the  glacialist  who 
follows  Dr.  Hoist  has  still  to  tell  us  how  he  proposes  to 
build  up  his  asar  with  them.     We  are  told  that  as  the  ice 
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melted,  the  debris  it  contained  and  which  was  derived  as  just 
mentioned  would  form  a  moraine  in  the  bottom  of  the  canon 
— ^that  is  to  say,  the  contents  of  the  cafions  would  consist  of 
the  drift  melted  out  of  the  ice  which  once  filled  them. 

If  so,  why  should  there  have  been  a  selective  choice  by 
the  ice-sheet  of  these  particular  channels  in  which  the 
debris  made  its  way  to  the  surface  and  gradually  piled  up 
mounds  and  ramparts  while  the  rest  of  the  bed  of  the  ice- 
sheet  was  virtually  free  from  them  ?  Surely  there  ought  to 
have  been  a  vast  accumulation  of  the  same  material  in  the 
intervening  spaces  between  the  asar.  Nay,  if  we  follow  in- 
ductive methods,  we  ought  to  conclude  that  there  must  have 
been  a  much  larger  deposit  in  these  intervening  spaces  where 
the  ice  lay  thickest  and  longest,  since  there  was  nothing  to 
remove  the  accumulated  debris  if  such  existed,  while  in  the 
cafions  occupied  by  streams  there  was  a  continual  scouring 
process  going  on.  The  whole  idea  seems  to  me  really 
childish.  Again,  the  same  difficulty  seems  to  arise  in  this 
case  also  in  understanding  how  the  pebbles  and  boulders  were 
rolled,  as  they  are  said  to  have  been  polished  and  rolled,  when 
they  were  moving  along  a  mere  cushion  of  sand  and  clay. 

I  have  argued  this  as  if  the  depth  of  the  asar  is  a  measure 
of  the  depth  of  the  ice-canons,  but  surely  we  should  need 
ice-canons  of  gigantic  depth  to  supply  asar  of  200  feet  in 
height  if  their  materials  came  from  the  sporadic  contents  of 
the  ice  which  once  occupied  such  a  canon. 

Prof.  Geikie  points  out  other  difficulties  in  Hoist's  theory. 
Thus  he  says:  '*  As  the  materials  continued  to  be  dissolved 
out  of  the  ice  and  to  find  their  way  down  the  slopes  of  the  ice- 
valleys  into  the  rivers,  the  bottoms  of  those  valleys  and  the 
beds  of  the  streams  themselves  would  come  to  be  protected 
from  ablation.  The  ice  of  the  water-divide  and  upper  slopes 
of  the  valleys  would  by-and-by  melt  away  more  rapidly  than 
those  portions  of  the  mer  de  glace  which  were  deeply  buried 
under  rock  debris.  Thus,  in  time,  the  configuration  of  the 
surface  would  be  so  altered  that  the  rivers  would  be  compelled 
to  desert  their  gravel  beds,  which  by-and-by  would  themselves 
be  converted  into  water-divides,  while  the  sites  of  the  former 
divides  would  be  occupied  by  newer  water-courses.  In  short, 
the  tendency  of  the  superficial  water-flow  would  be  rather 
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to  distribute  morainic  material  in  irregular  sheets  over  the 
surface  of  the  ice  than  to  arrange  it  in  determinate  linear 
courses ;  unless,  indeed,  we  are  to  suppose  that  the  super- 
ficial rivers  succeeded  in  rapidly  melting  their  way  down  to 
the  bottom  of  the  ice-sheet,  and  thus  at  an  early  period 
formed  deep  trenches  into  which  was  shot  all  the  rock  rubbish 
derived  from  the  ice  during  its  dissolution.  If  it  be  hard  to 
concave  such  conditions  possible,  it  is  not  easier  to  see  how 
sub-glacial  river-beds  filled  with  detritus  to  a  depth  of  fifty  or 
sixty  feet  more  or  less  could  retain  their  position  and  sink 
gradually  down  during  the  general  ablation  of  the  ice-sheet '' 
{Great  Ice  Age,  p.  174). 

Prof.  SoUas,  who  is  a  disciple  of  Hoist,  is  nevertheless 
constrained  to  say :  ''From  all  I  have  seen  of  eskers,  I  should 
certainly  say  .  .  .  that  they  have  not  been  precipitated 
en  masse  from  the  bottom  of  sinking  ice-cafions  "  (op.  ciL, 
p.  819). 

The  arguments  here  used  are  amply  confirmed  by  observa- 
tions on  such  small  ice-sheets  as  we  can  examine.  Thus 
speaking  of  the  supra-glacial  streams  of  Spitzbergen,  Garwood 
and  Gregory  say :  **  The  channels  both  of  the  stream  and 
its  tributaries  were  generally  quite  free  of  d6bris.  In  fact  all 
the  supra-glacial  streams  flowed  with  such  velocity  that  they 
kept  their  channels  quite  clear,  except  of  an  occasional 
boulder."  In  regard  to  sub-glacial  streams  they  say :  "  Their 
velocity,  so  far  as  could  be  judged  from  the  behaviour  of  the 
streams  at  the  mouths  of  their  tunnels,  is  probably  even 
greater  than  that  of  the  superficial  streams.  The  latter  flow 
in  open  channels,  whereas  the  sub-glacial  streams  are  forced 
through  pipes,  the  size  of  which  is  no  doubt  kept  at  the 
minimum  by  the  weight  of  ice  upon  the  roof.  It  is  only 
natural,  therefore,  that  the  power  of  the  sub-glacial  currents 
should  be  great,  and  it  is  not  likely  that  deposits  would  be 
formed  beneath  them.  We  at  least  found  no  trace  of  gravel 
deposits  resembhng  eskers  formed  either  in  sub-glacial  or 
supra-glacial  streams.  The  moraines  of  the  Ivory  glacier 
were  in  places  kame-like  in  form,  but  they  were  certainly  not 
formed  sub-glacially  **  (Qua^.  Joum.  QeoL  Soc,  hv.,  p.  211). 

Again,  the  same  authors  write  :  ''  As  in  the  case  of  recent 

observers   in  Greenland   (see  Joum.  OeoL,  iv.,  p.  809),    we 
II.  26 
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saw  no  sign  of  the  formation  of  eskers  in  either  supra-glacial 
or  sub-glacial  channels,  or  by  streams  flowing  through  ice- 
canons.  .  .  .  None  of  the  river-channels  that  we  saw  either 
in  or  on  the  ice  contained  much  debris  '*  (op.  dt,,  pp.  222-223). 

While  nothing  like  eskers  is  being  at  present  formed  in 
Greenland  and  other  Arctic  countries,  it  is  a  remarkable  fact 
that  mounds  shaped  like  these  hog  backs  and  made  of  loose 
materials  have  been  noticed  in  the  Peruvian  plains,  where  the 
intervention  of  ice-streams  is  of  course  impossible. 

I  have  referred  to  the  diflSculty  of  assigning  continuous 
mounds  of  the  same  general  height  and  breadth,  and  extend- 
ing over  great  distances,  to  the  handiwork  of  rivers,  whose 
beds  naturally  and  necessarily  grow  wider  as  they  march 
from  their  source  to  their  outfall ;  but  in  the  case  of  the 
Scandinavian  asar  the  sub-glacial  theory  presents  an  additional 
difficulty.  According  to  the  glacialists,  the  Scandinavian  ice- 
sheet  extended  to  the  Carpathians  and  to  Central  Bussia. 
How  is  it,  then,  that  the  asar  did  not  continue  their  strange 
march  right  away  to  these  goals  ?  Did  the  sub-glacial  rivers 
stop  short  where  the  various  Swedish  asar  terminated  their 
journey  ?  If  so,  what  became  of  their  water  ?  Was  it  frozen 
again?  How  was  this?  The  farther  south  they  travelled, 
the  warmer  must  the  climate  have  been  under  the  same 
conditions,  and  consequently  the  more  water  must  have 
flowed  from  the  ice-sheet.  Its  drains,  the  sub-glacial  rivers, 
must  therefore  have  increased  in  volume  instead  of  dying 
out,  and  surely  when  they  reached  the  flat  country  of  Poland 
and  Russia,  must  have  become  more  and  more  liable  to 
deposit  materials  in  their  beds.  How  is  it,  then,  that  the 
asar  do  not  continue  their  march  to  Cracow  ?  But  apart  from 
all  this,  let  me  repeat  a  question  I  have  already  asked,  and 
which  presents  itself  in  a  very  grotesque  fashion  to  a  traveller 
who  has  crossed  Central  and  Southern  Sweden  to  and  fro  as 
I  have.  I  wonder  if  the  champions  of  sub-glacial  rivers  as  the 
depositors  of  the  asar  have  ever  drawn  a  series  of  contour-lines, 
say,  from  Dalecarlia  to  Malmo,  and  if  so,  how  do  they  propose 
to  explain  the  flow  of  any  river,  whether  under  an  ice-arch 
or  not,  along  such  a  course,  across  the  undulating  surface  of 
Sweden?  The  same  argument  applies  to  America  and  Ireland. 

There  remains   another  element   which   I  have   not  yet 
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considered,  namely,  the  large,  sometimes  portentously  large, 
angular  and  sub-angular  blocks  which  occur  in  the  surface 
layers  of  the  asar,  and  sometimes  in  large  numbers  on  their 
backs,  the  as  near  Gamla  Upsala  being  a  good  example. 
Among  the  many  boulders  I  noticed  there,  there  was  one 
whose  cubical  contents  must  have  been  thirty-six  yards. 
Similar  sub-angular  and  angular  blocks  have  occurred  in  the 
deposit  containing  marine  shells  at  Upsala.  How  are  we  to 
explain  these  blocks  and  their  occurrence  where  they  are 
found  by  any  kind  of  fluvial  action?  Rivers  must  become 
desperate  torrents,  such  as  occur  sometimes  in  the  ravines  of 
the  Caucasus  and  the  Western  Himalayas,  to  move  such 
stones  at  all ;  and  how  could  such  torrents  arise  under  an  ice- 
sheet,  and  how  could  these  blocks  be  deposited  by  rivers  in  the 
midst  of  stratified  sands  with  marine  shells,  and  on  the  tops  of 
the  asar  ?  How  comes  it  they  are  not  found  at  the  bottom, 
where  the  cannon-shot  gravel  so  often  occurs  ?  When  it  is 
said  they  were  transported  by  ice-rafts,  how  can  ice-rafts  be 
formed  in  either  supra-  or  sub-glacial  streams,  or  who  ever 
saw  such  in  any  glacier  stream,  and  if  they  did  exist  how 
could  the  great  stones  get  on  to  their  backs  ?  If  frozen  to 
their  under  surface,  the  difl&culty  is  still  greater,  for  torrential 
rivers  do  not  freeze  into  solid  masses,  nor  does  their  ice- 
covering  become  attached  to  boulders  which  may  be  lying  on 
their  beds.  So  far  as  I  know,  rivers  in  Scandinavia  do  not  now 
carry  about  and  deposit  such  stones,  except  when  very  torren- 
tial or  when  there  may  be  an  occasional  collapse  in  their 
banks ;  and  if  the  glacial  rivers  derived  them  from  disintegrated 
banks,  it  only  removes  the  difficulty  of  their  explanation  one 
step  further  back.  But  those  who  appeal  to  ice  in  this  fashion 
forget  the  relative  age  generally  assigned  to  the  surface  beds 
of  the  asar.  The  great  majority  of  glacialists  are  emphatic 
about  the  surface  beds  of  the  asar  containing  marine  shells 
being  post-glacial.  If  so,  then  we  have  a  double  crux,  for  not 
only  have  we  to  explain  the  existence  of  gigantic  erratics  far 
away  from  their  parent  beds,  but  to  explain  them  and  their 
portage  when  anything  but  a  glacial  climate  is  testified  to  as 
having  existed  by  the  mollusca  occurring  with  them.  It  seems, 
therefore,  impossible  to  appeal  to  ordinary  rivers  in  order  to 
explain  these  angular  blocks  ;  much  more  so  is  it  difficult  to 
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account  for  their  portage  by  sab-glacial  or  supra-glacial  rivers. 
In  neither  case  do  such  rivers  carry  ice-rafts.  Nor  can  we  see 
how  ice-rafts  could  arise  in  either  of  them.  Ice-rafts  are  the 
broken  pieces  of  ice  which  once  covered  sub-aerial  rivers.  The 
only  ice  which  covers  sub-glacial  rivers  is  the  roof  of  the  tunnel 
of  ice  through  which  they  flow,  and  which  is  a  solid  vault  and 
not  built  up  of  pieces  which  could  form  ice-rafts ;  while  supra- 
glacial  rivers  do  not  freeze  on  their  surface,  but  cease  to 
exist  entirely  in  winter,  for  they  are  the  result  of  the  melting 
of  the  surface  of  the  glaciers,  and  nothing  more. 

In  every  way  we  view  the  glacial  river  theory  of  the  origin 
of  the  asar  it  seems  to  collapse  when  analysed,  and  if  I  could 
be  astonished  at  anything  which  the  glacial  geologists  choose 
to  formulate,  I  should  be  greatly  surprised  at  its  continued 
existence  in  their  text-books.  The  time  is  assuredly  coming 
when  the  reputations  which  have  been  built  up  on  such 
science  will  as  certainly  collapse.  No  wonder  that  a  desper- 
ate struggle  is  made  to  maintain  them  in  some  very  limited 
quarters,  and  that  a  portentous  silence  prevails  in  others.  It 
is  in  fact  extraordinary  how  fantastic  theories  sometimes  give 
way  to  common-sense  when  they  happen  to  be  inconsistent 
with  other  fantastic  theorie&  Thus,  in  regard  to  a  remark- 
able English  esker,  an  extreme  glacialist,  Mr.  Carvell  Lewis, 
says : — 

''  I  visited  the  so-called  '  esker '  in  the  park  at  Hunstanton. 
I  saw  in  an  open  fleld  a  long  hill  of  gravel  resembling  a  kame 
in  its  narrow  ridge-like  form,  but  not  resembling  one  in  that  the 
characteristic  knobs  and  kettle  holes  were  absent.  It  turned 
at  right  angles  and  continued  as  a  narrow  gravelly  ridge  in 
an  east  and  west  direction  for  one-third  of  a  mile.  An  old 
battlemented  square  tower  stands  on  part  of  this  ridge,  which 
is  much  steeper  on  the  northern  than  on  the  southern  slope. 
A  sand-pit  at  the  south  end  of  the  ridge  showed  it  to  consist 
at  least  in  its  upper  part  of  water-worn  coarse  gravel  and 
sand.  This  last  looked  like  sea  sand,  not  kame  sand.  Con- 
tortions with  a  little  clay  in  them  were  seen  in  some  parts  of 
this  cutting.  I  have  never  seen  such  contortions  in  kames, 
although  they  are  common  in  marine  drifts.  Finally,  in  the 
sand  I  found  many  fragments  of  marine  shells.  Shells  never 
occur  in  kames."     Lewis  concludes  that  the  ridge  is  an  old 
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sear-beach,  and  adds :  ''  One  part  is  parallel  to  the  Wash,  another 
part  to  the  sea,  and  it  stands  just  on  the  point  between  the 
two  ;  possibly  it  was  caused  by^  the  two  currents,  one  of  the 
Wash,  and  the  other  of  the  open  sea.  It  is  clearly  marine, 
like  the  gravels  of  the  neighbourhood.  Is  it  a  dune  ?  or  a  bar  ? 
or  a  bank  ?  "  (Glacial  Geology  of  Great  Britain,  pp.  340-341). 

This  is  surely  going  back  to  Lyell's  view,  which  was  a 
good  deal  more  sane  than  that  now  generally  held,  when  he 
described  the  asar  of  Sweden  as  having  been  produced  under 
the  sea,  and  speaks  of  the  great  blocks  which  lie  on  them 
as  having  evidently  been  lodged  there  when  the  ridges 
were  submarine  {GeoL  Proc,,  iii.,  pp.  342-343). 

Whatever  way  we  view  the  asar  or  eskers  it  seems  in  fact 
impossible  to  explain  them  either  by  the  action  of  ice  or  ice- 
rivers,  or,  as  I  believe,  by  any  normal  methods  of  nature's 
handiwork.  I  shall  revert  to  them  and  the  cause  to  which 
I  assign  them  presently. 

Closely  connected  with  the  asar  are  the  long  trains  or 
alignments  of  travelled  blocks  which  are  to  a  great  extent 
parallel  to  each  other,  and  which  occur  on  both  sides  of 
the  Atlantic.  Perry  says  that  of  such  boulder  trains  per- 
haps among  the  most  remarkable  are  those  which  occur 
in  Huntingdon,  Vermont,  and  in  Bichmond,  Massachusetts 
(Proc.  Bost.  Soc.  of  Nat.  Hist.,  xv.,  p.  62).  I  have  referred  to 
similar  ones  in  Bussia  and  Germany  (see,  inter  dUa,  Glacial 
Nightmare^  p.  734).  Perry  says  that  in  America  they  can  be 
traced  for  five,  ten  or  fifteen  miles.  Hitchcock  treated  them 
in  fact  as  asar,  and  like  the  latter  they  run  obliquely  over 
high  hills  and  through  the  deep  valleys  of  Bichmond.  At 
Huntingdon,  Vermont,  is  a  train  about  two  miles  long  and 
some  forty  or  fifty  rods  wide,  with  a  nearly  north-south  trend, 
and  entirely  made  up  of  uncouth  angular  blocks  strikingly 
different  from  any  known  rock  in  the  district.  They  extend 
from  one  vaUey  to  another,  passing  obliquely  across  a  steep 
intervening  hill  (Proc.  Bost.  Soc.  of  Nat.  Hist.,  xv.,  pp.  111-112). 
These  alignments  are  assuredly  asar  of  another  type,  and 
seem  like  the  latter  to  be  quite  inconsistent  with  ice  portage 
or  portage  by  glacial  rivers.  On  modern  glaciers  we  no  doubt 
sometimes  have  medial  and  lateral  moraines  which  trend 
away  in  lines  from  some  decaying  crag  which  projects  above 
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the  ice  and  supplies  it  with  a  constant  shower  of  stones,  but 
with  ice-sheets  such  crags  must  have  been  all  buried  deep 
down  under  the  ice.  Neither  could  stones  like  these,  many 
of  them  angular,  have  been  accumulated  by  glacial  rivers  in 
their  beds  while  the  intervening  districts  were  free  from  them, 
nor  could  they  have  been  arranged  in  long  alignments  across 
hill  and  dale  either  by  ice  or  ice-rivers. 

Having  dealt  with  the  asar,  let  us  now  turn  to  the  so-called 
kames  or  turtle-backs  and  drumlins,  those  mounds  of  gravel 
and  drift  and  of  clay  which  are  such  a  conspicuous  feature  in 
many  of  the  mountain  valleys  where  they  open  out  into  flat 
stretches,  and  in  many  cases  have  the  appearance  of  artificial 
burial  mounds.  They  are  connected  with  the  asar  and  eskers 
in  some  cases  by  an  intermediate  class  in  which  the  con- 
tinuous ramparts  are  really  broken  up  into  strings  of  such 
mounds,  ranged  in  lines  and  forming  no  doubt  a  variety  only, 
of  the  true  asar.  Upham,  an  experienced  observer  of  American 
so-called  glacial  phenomena,  is  of  the  same  opinion.  He 
describes  the  kames  as  long  ridges  or  knots  of  interlocking 
short  ridges  and  mounds,  composed  of  obliquely  bedded 
gravel  and  sand,  which  usually  form  prolonged  series  extend- 
ing from  north  to  south. 

In  the  Connecticut  and  Merrimac  valleys  these  deposits 
form  ridges  100  or  200  feet  high,  which  are  clearly  continuous 
in  each  case  for  more  than  twenty  miles.  Other  series  of 
kames  of  similar  extent  have  been  traced  out  in  North-Eastern 
Massachusetts  by  Eev.  G.  F.  Wright,  of  Andover,  Mass.,  but 
their  finest  development  yet  found  in  America  is  in  Maine, 
where  Prof.  George  H.  Stone,  of  Kents  Hill,  in  that  State,  has 
traced  twenty  or  more  series  which  vary  in  length  from  five 
to  100  miles.  The  height  of  these  ridges  is  usually  less  than 
100  feet,  to  which  they  rise  steeply,  the  slopes  of  their  sides 
varying  from  15°  to  40°.  Their  material  in  some  cases  is 
almost  entirely  very  coarse  gravel  with  scarcely  any  layers  of 
sand,  so  that  they  present  no  distinct  stratification.  I  see 
no  reason  for  separating  them  either  in  regard  to  origin 
or  mode  of  formation  from  the  true  asar.  An  esker  or  as 
is,  in  fact,  a  glorified  kame. 

Again,  a  sharp  division  has  been  attempted  to  be  drawn 
between  kames  and  drumlins.     Kames  are  so  called  by  the 
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Scotch  peasantry,  and  they  thus  name  the  turtle-backed 
mounds  composed  very  largely  of  stratified  gravel  and  sand ; 
while  the  name  drumlins  has  been  applied  to  mounds  of 
similar  shape  but  composed  almost  entirely  of  unstratified 
clays.  The  latter  were  first  separated  and  given  the  name  of 
drumlins  by  the  Rev.  Maxwell  Close  in  1866.  While  the  kames 
have  been  generally  attributed  to  water-action,  the  drumlins 
have  been  treated  as  more  directly  the  product  of  land-ice. 

This  supposed  distinction  in  origin  is  founded,  I  believe,  on 
a  mistaken  induction  to  which  I  have  already  referred,  namely, 
that  clay  and  sand  must  and  do  act  in  the  same  way  when 
being  carried  or  distributed  by  water,  which  in  both  cases  it 
is  supposed  will  lay  them  down  in  stratified  layers.  As  a  matter 
of  fact,  when  very  fine  clay  is  continuously  deposited  from  sus- 
pension in  water,  it  does  not  arrange  itself  in  laminsB  and  layers 
as  when  the  water  is  flowing  in  intermittent  streams  or  cur- 
rents, but  forms  a  perfectly  continuous  homogeneous  paste 
which  only  becomes  laminated  in  certain  conditions.  This 
has  been  frequently  noticed,  and  the  fact  is  a  very  good  anti- 
dote to  those  people  who  see  in  every  unstratified  clay  a  glacial 
deposit.  Thus  Mr.  Bulman  says  very  truly  that  the  absence  of 
lamination  in  boulder  clay  is  no  proof  that  it  was  not  deposited 
by  water,  since  laminae  are  caused  either  by  an  intermittent 
supply  of  sediment  or  the  presence  of  flat  plates  of  mica,  and 
when  the  ice  produces  a  continuous  supply  of  rock  flour  all 
the  year  round,  there  is  naturally  no  lamination,  while  flat 
plates  of  mica  are  also  naturally  absent  (GeoZ.  M.ag,^  ix.,  p.  410). 
Mr.  Carvell  Lewis  speaks  very  emphatically  on  the  same  side. 
Thus  he  describes,  near  Bolton,  a  magnificent  exposure  of 
typical,  tough,  unstratified  drift  full  of  stratified  boulders,  the 
till  being  black  and  extremely  hard  and  compact  so  that  the 
stones  must  be  hammered  out  of  it,  with  no  signs  of  stratifi- 
cation, and  he  suggests  that  it  is  a  true  moraine.  He  says, 
however,  this  very  typical  till  was  not  glacier-made,  but  was 
made  in  water  and  deposited  in  a  lake,  as  similar  clay  is  now 
being  made  in  the  Swiss  lakes  and  in  the  Arctic  seas,  and  like 
the  dense  clay  at  Montreal,  which  contains  scratched  boul- 
ders and  marine  organisms  together,  being  clearly  of  aqueous 
origin.  Again,  the  same  glacialist  champion  makes  the  same 
admission  in  still  more  emphatic  language.     Speaking  of  the 
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deposits  at  Ballygorey  in  Bosslare  Harbour  in  Ireland,  he 
says:  "  The  Umgh  clay  lies  directly  on  irregular,  jagged  granite, 
flint  and  greenstone,  and  contains  beautifully  glaciated  stones  of 
dark  greenstone.  Very  finely  glaciated  boulders  also  lie 
upon  the  beach.  In  fact,  the  most  beautifully  glaciated 
boulders  I  have  ever  seen  anywhere  may  be  seen  here  lying 
at  the  foot  of  these  clay  cliffs,  having  clearly  fallen  out  of 
them.  Yet  this  is  a  non-glacMed  area.  The  underlying  rock  is 
not  glaciated,  and  the  tough  clay  is  evidently  marine  and  made  at  a 
time  of  submergence,  I  am  now  convinced  of  what  I  suspected 
some  time  ago,  that  the  most  beautifully  glaciated  stones  are 
to  be  found  in  tough  clays  of  aqueous  origin.  .  .  . 

''In  many  parts  of  England  south  of  the  glaciated  area 
scratched  stones  occur  when  embedded  in  a  stiff  clay.  Thus, 
at  Bugby,  '  well-striated '  blocks  of  liassic  limestone,  chalk 
and  flint  occur  in  a  clay  which  is  a  reformation  of  has 
clay.  .  .  . 

"  The  upper  and  lower  boulder  clay  of  Lancashire  in  the 
Lowlands  is  also  a  moraine  (?)  deposit.  The  Norfolk  and 
Cromer  clays  contain  glaciated  stones  as  does  the  York  clay 
and  the  clay  near  Bolton  Abbey,  all  of  which  are  outside  the 
glaciated  area.  The  shells  in  the  clay  are  often  deUcate  and 
unrolled.  Because  there  has  been  no  attrition,  the  shells  are 
preserved  and  the  stones  retain  their  delicate  striae.  The 
stones  have  been  dropped  from  floating  cakes  of  ice  or  ice- 
bergs into  a  mud  at  the  bottom  of  a  quiet  sea,"  and  he  speaks 
of  tough,  pure  clays  devoid  of  stratification  occurring  outside 
of  glaciated  areas  as  aqueous  deposits,  and  says  definitely : 
"  Most  boulder  clays  properly  so  called  are  of  aqueous  ori- 
gin formed  in  water  into  which  sub-glacial  streams  flowed  ** 
(Olacial  Geology  of  Great  Britain,  pp.  158-159).  The  fact  is,  the 
want  of  stratification  is  no  criterion  whatever  of  ice-action. 

A  very  good  proof  of  the  fact  I  am  arguing  about  is  the 
constant  intercalation  in  the  drift  beds  of  homogeneous 
unstratified  clays  with  stratified  sands,  the  one  lying  on  the 
top  of  the  other  without  disturbance.  They  were  due,  no 
doubt,  to  currents  of  water  from  different  directions  having 
deposited  their  burden  at  different  times,  but  in  each  case  the 
depositing  agent  was  unmistakably  water. 

It  seems  to  me  that  it  is  from  a  neglect  of  this  fact  that 
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so  many  glacialists  have  drawn  a  sharp  distinction  between 
kames  and  dramlins.  The  two  are  really  the  result  of  the 
same  agency,  acting  in  the  one  case  on  sand  in  suspension 
and  the  other  on  clay ;  and  they  in  fact  pass  into  each  other, 
it  being  difficult  to  pronounce  in  certain  cases  which  is  a 
drumlin  and  which  is  a  kame. 

Again,  I  cannot  distinguish  the  contents  and  the  internal 
structure  of  the  kames  and  drumlins  from  the  great  mass  of 
drift  made  of  similar  materieJs  with  which  they  are  continu- 
ous, and  which  mantles  the  surrounding  country  continuously. 
The  kames  are  merely  a  part  of  the  stratified  drift  with  a 
different  surface  contour,  and  the  drumlins  are  the  same  as 
the  sifted  clays  with  a  different  contour.  What  has  to  be 
explained  as  pecuhar  to  them  is  not  so  much  the  arrangement 
of  their  contents  as  their  external  form. 

Let  us  examine  this  a  little  more  closely. 

Speaking  of  the  great  sheets  and  masses  of  distinctly  water- 
worn  material  overlying  the  boulder  clay,  Mr.  James  Geikie 
thus  describes  them,  and  the  passage  is  a  remarkable  specimen 
of  limpid  picturesque  English.  "  These  occur  at  all  levels,  from 
the  coast  up  to  a  height  of  more  than  1,500  feet  above  the 
sea.  The  most  characteristic  form  assumed  by  them  is  that  of 
rolling  mounds,  cones  and  ridges,  all  of  which  consist,  for 
the  most  part,  of  gravel  and  sand.  To  such  an  extent, 
indeed,  is  this  the  case  that  the  whole  group  is  often  spoken 
of  as '  the  sand  and  gravel  series '.  ...  As  a  rule  these  deposits 
are  confined  to  the  Lowland  districts,  where  they  appear  to  be 
distributed  in  a  most  arbitrary  manner.  Occasionally  we 
may  follow  them  for  miles,  when  all  at  once  they  will  die  out, 
and  then  we  may  not  meet  with  them  again  until  we  have 
passed  into  quite  a  different  district.  .  .  .  The  sands  and 
gravels  have  a  tendency  to  group  themselves  into  mounds 
and  winding  ridges,  which  gives  a  hummocky  and  rapidly 
undulating  outline  to  the  ground.  ...  It  is  most  common 
to  find  mounds  and  ridges  confusedly  intermingled,  crossing 
and  recrossing  each  other  at  all  angles,  so  as  to  enclose  deep 
hollows  and  pits  between.  Seen  from  a  dominant  point,  such 
an  assemblage  of  kames  looks  hke  a  tumbled  sea — the  ground 
now  swelling  into  long  undulations,  now  rising  suddenly  into 
beautiful  peaks  and  cones,  and  anon  curving  up  in  sharp 
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ridges  that  often  wheel  saddenly  round  so  as  to  enclose  a 
lakelet  of  bright  clear  water.  .  .  .  The  sharper  ridges  and 
peaked  cones  are  chiefly  made  up  of  coarse  gravel  and  shingle ; 
the  gentler  undulations  consist  for  the  most  part  of  fine  sand 
and  gravel.  .  .  .  Almost  all  the  solitary  mounds  that  I  know 
of  are  made  of  fine  sand  "  {Great  Ice  Age,  pp.  180-182). 

I  have  described  the  internal  structure  and  the  distribution 
of  the  kames  in  Great  Britain  at  considerable  length  in  my 
Glacial  Nightmare  (pp.  786-789),  and  will  now  merely  supple- 
ment that  description.  The  main  facts  to  remember  are  that 
they  are  usually  stratified  and  false-bedded,  but  in  some  cases 
**  the  coarser  heaps  of  shingle  do  not  exhibit  traces  of  stratifica- 
tion, the  stones  being  piled  up  in  dire  confusion.  The  stones, 
of  whatever  size,  are  almost  invariably  well  rounded  and 
water-worn.  Sometimes,  however,  the  deposits  are  not  only 
unstratified  but  earthy,  while  the  stones  are  angular  or  sub- 
angular,  and  such  accumulations  are  associated  with  heaps 
of  well  water- worn  gravel  and  hummocks  of  sand,  in  such  a 
way  as  to  show  that  they  all  form  part  and  parcel  of  the  same 
series.  At  levels  above  900  feet  and  upwards  the  proportion  of 
rolled  stones  gets  smaller  and  that  of  rude  angular  moraine- 
like matter  more  frequent ;  occasionally  till  forms  the  nucleus 
of  a  kame,  but  sometimes  the  till  has  the  appearance  of  having 
been  intruded  amongst  the  water-assorted  deposits,  the  latter 
in  this  case  being  usually  much  disturbed."  Embedded  erratics 
are  rare  in  kames,  but  frequently  occur  dotted  over  their  tops 
and  slopes.  This  position  has  certainly  not  been  generally 
due  to  denudation.  **  Many  of  the  mounds  and  hummocks 
upon  which  these  erratics  rest  have  evidently  suffered  little 
or  no  denudation  since  the  period  of  their  formation.  The 
shape  of  the  heaps  and  ridges  is  undoubtedly  original,  and 
we  cannot  but  conclude,"  says  Mr.  J.  Geikie,  "  that  the  erratics 
in  question  were  dropped  upon  the  surface  just  where  we  see 
them."  Sometimes  the  bedding  of  the  kames  is  much  confused, 
twisted,  folded  and  crumpled.  Associated  with  the  sand  and 
gravel  there  occur  in  the  kames  sometimes  deposits  of  clay 
and  silt,  usually  finely  laminated.  **  As  we  proceed  from  the 
low  ground  into  the  mountains,  the  gravel  deposits  become 
coarser,  and  the  moraine-hke  matter  assumes  a  more  tumul- 
tuous aspect.  Here  we  begin,"  says  Geikie,  **  to  meet  with  rude 
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accamulations  of  earthy  and  rocky  detritus,  mixed  with  coarse 
gravel  and  sand  and  large  angular  unpolished  blocks.  These 
deposits  are  sprinkled  loosely  over  the  mountain  slopes,  but 
in  many  places  they  assume  a  more  or  less  distinct  shape,  so 
as  often  to  form  a  striking  object  in  a  landscape,  rising,  as 
they  sometimes  do,  in  the  throats  of  rugged  mountain  glens, 
into  abrupt  concentric  ridges  and  mounds,  the  convex  faces 
of  which  invariably  look  down  the  valleys.  Frequently  the 
whole  bottom  of  a  valley  is  covered  with  these  deposits  over 
wide  areas,  the  ground  presenting  a  very  hummocky  outhne. 
Erratics  of  all  shapes  and  sizes  strew  the  surface  of  the  cones 
and  mounds  and  ridges,  and  are  scattered  over  the  bare  rock 
itself.  Excellent  examples  of  these  phenomena  will  be  found 
in  every  glen  in  Scotland.  .  .  .  Even  in  such  mountain  valleys 
we  shall  find  that  the  coarse  moraines  are  often  associated 
vrith  heaps  of  sand  and  gravel  which  not  infrequently  cannot 
be  distinguished  from  the  similar  mounds  that  occur  in  the 
kame  areas  of  the  Lowlands,  while  terraces  of  gravel  and  sand 
occur,  ever  and  anon  fringing  the  valley  slopes  often  at  con- 
siderable heights  above  the  present  streams.  ...  It  appears 
to  hold  generally  true  of  all  the  larger  areas  of  the  kame 
deposits  that  they  occur  in  valleys  at  or  near  where  the 
rivers  escape  from  the  confined  mountain  glens  or  upland 
dales  to  enter  upon  the  broad  low  grounds.  The  larger  the 
drainage  area,  the  greater  the  number  of  kames  and  the 
extent  of  the  gravel  beds  **  {Great  Ice  Age,  pp.  182-185). 

Kendall  describes  kames,  when  typically  developed,  as 
"ridges  of  gravel  and  sand  taking  a  sinuous  course  over  a 
country,  and  frequently  disregarding  the  lesser,  and  even 
some  of  the  greater,  physical  features.  Thus  they  will  some- 
times run  in  straight  lines,  descending  deep  valleys,  and 
crossing  lofty  hills.  They  frequently  broaden  out  into  a 
plexus  of  hills,  enclosing  within  their  ramifications  small 
lakelets,  or  in  some  cases  dry  hollows,  without  any  drainage 
outlet."     He  thus  treats  kame  as  an  equivalent  of  esker. 

In  regard  to  the  kames  in  Forfarshire,  which  he  calls 
lateral  mounds,  Lyell  says  they  generally  increase  in  width 
and  depth  as  they  descend  from  the  higher  to  the  lower  glens, 
attaining  in  the  latter  sometimes  a  thickness  of  100  feet,  and 
occasionally  so  great  a  breadth  as  merely  to  leave  room  for 
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the  river  to  pass.  The  inferior  part  is  always  unstratified, 
consisting  of  mud  and  sand  in  which  large,  angular  and 
rounded  fragments  of  rocks  are  imbedded.  These  boulders 
are  more  and  more  rounded  as  their  distance  increases  from 
the  hills,  whence  they  could  have  been  detached,  but  they 
are  more  frequently  flat-sided  than  pebbles  which  have  been 
rounded  by  water,  and  they  become  more  diversified  in 
character  by  the  junction  of  every  tributary  glen.  In  the 
upper  part  the  mounds  often  consist  of  forty  to  eighty  feet 
of  the  same  materials  as  the  lower,  but  regularly  stratified 
{Qeol.  Proc.f  iii.,  p.  339). 

Jamieson  describes  the  drift  at  Aberdeen  as  forming  large 
swelling  mounds  and  little  hills  on  which  a  great  part  of 
the  city  and  its  suburbs  is  built.  Again,  it  is  met  with 
tumbled  up  in  tumultuous  hillocks  or  longitudinal  mounds 
parallel  to  the  strike  of  the  river.  Its  pebbles  are  never 
striated,  and  it  is  always  highly  water-rolled.  From  the 
peculiar  position  of  the  pebbles  in  the  gravels,  and  from 
their  false  bedding,  Jamieson  argues  that  they  had  been 
deposited  by  rapidly  flowing  water  flowing  down  the  valley. 
They  often  have  a  crag  and  tail  structure,  the  tail  pointing 
seaward,  long  mounds  having  accumulated  behind  horns  of 
rock.  These  and  the  dome-shaped  tumuli  and  abrupt  hillocks 
into  which  the  gravel  is  occasionally  thrown  together,  point, 
he  argues,  to  a  rapid  current  flowing  down  the  valley  as 
their  cause. 

Speaking  of  kames  in  America,  Mr.  H.  L.  Fairchild  says : 
"  The  term  is  here  used  as  designating  deposits,  chiefly  sand 
and  gravel,  having  a  knot  and  basin  topography.  .  .  .  The 
term  esker  (asar  or  serpent  kame)  is  employed  to  denote 
distinct  ridges,  chiefly  gravel." 

The  American  kames  are  described  by  Upham  as  *'  ridges 
showing  an  arched,  irregular  stratification,  and  composed  of 
layers  varying  from  sand  to  very  coarse  water-worn  gravel 
with  pebbles  two  or  three  feet  in  diameter.  .  .  .  They  are 
found,"  he  says,  **  in  New  Hampshire,  sometimes  extending 
continuously  for  many  miles  along  the  lowest  part  of  a 
valley  or  elsewhere,  short,  and  several  parallel  to  each  other ; 
or  in  very  irregular  mounds  and  ridges  with  hollows  enclosing 
small  ponds.     These  ridges,  or  remnants  of  them,  exist  in 
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almost  every  river  valley  in  the  State.  They  are  generally  in 
the  middle  or  lowest  part  of  the  valleys,  but  in  the  south-east 
of  New  Hampshire,  in  some  parts  of  Maine,  and  in  Eastern 
Massachusetts,  where  there  are  only  scattered  hills  with 
slightly  depressed  valleys,  they  are  found,  though  smaller 
than  in  the  valleys,  extending  usually  north  and  south, 
without  special  regard  to  the  present  water-coursed. 

"  In  the  Merrimac  valley  the  kames  occur  in  a  series  ex- 
tending for  twenty  miles.  They  consist  of  coarser  materifiJs 
than  those  last  named,  and  contain  fewer  and  only  thin  layers 
of  sand.  The  stratification  is  sometimes  indistinct,  but  where- 
ever  shown  is  anticlinal  Sometimes  the  rounded  materials 
are  succeeded  by  angular  ones,  consisting  of  angular  blocks 
and  earth-hke  till.  Except  that  the  blocks  do  not  show  any 
glaciation,  they  are  plainly  part  of  the  same  continuous  kame, 
elsewhere  composed  of  water- worn  materials"  (Origin  of  the 
Kames  and  EaJcers  of  New  Hampshire), 

**  Wherever  deep  valleys  are  found  extending  from  north  to 
south,  kames  seem  to  occur,  oftener  in  these  depressions  than 
upon  the  intervening  high  land  ;  but  where  no  well-washed 
valleys  exist,  they  are  found  threading  their  way  in  a 
south  or  south-south-east  course  among  the  scattered  hills, 
often  crossing  them,  with  undulations  of  100  or  200  feet " 
(Proc.  Am,  Ass,  of  Science^  xxviii.,  pp.  7,  8). 

Speaking  of  these  kames.  Dr.  G.  F.  Wright  says :  **  It 
is  important  to  notice  that  the  material  in  the  ridges  is  not 
uniformly  nor  everywhere  stratified.  The  ridges  themselves 
are  ordinarily  composed  of  sand,  gravel  and  pebbles,  the 
latter  from  a  few  inches  to  two  feet  through,  sometimes 
irregularly  stratified.  ...  At  other  times  ten  or  fifteen  feet  or 
more  in  thickness  will  give  no  sign  of  stratification  whatever. 
The  top  of  the  ridge  is  usually  just  wide  enough  for  a  foot- 
path, and  pebbles  a  foot  or  two  in  diameter  dot  its  course  at 
frequent  intervals.  .  .  .  The  fragments  of  rock  in  the  ridges 
are  nearly  all  somewhat  rounded,  and  apparently  water- worn. 
There  are  no  striated  stones  *'  (Proc,  Bost.  Nat.  Hist.  Soc.,  xix., 
p.  30).  ''  Between  Dan  vers  and  the  sea  the  ridges  are  near  the 
sea-level,  and  at  several  places  sections  show  almost  complete 
stratification.  Above  Beaver  Bush  Station  the  ground  is 
higher,  and  the  few  places  where  I  have  found  fresh  sections 
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show  little  or  no  stratification  "  (i&uJ.,  p.  54).  "  Between  Con- 
way and  Madison  there  is  a  wonderful  exhibition  of  very  ex- 
tensive moraines  ( ! ! !  H.H.H.),  full  of  coarse  angular  boulders 
of  all  sizes,  very  abundant,  with  none  of  the  modifying  action 
of  water,  in  ridges,  etc.,  just  like  kames  in  arrangement.  They 
occupy  the  side  of  the  valley,  and  pass  by  gradual  transition 
to  typical  kames  along  the  centre  of  the  vaUey  "  {ihid^. 

By  drumlins  the  Americans  mean  ''  aggregations  of  till 
generally  very  compact,  with  a  high  proportion  of  stratified 
material  of  very  symmetrical  form  and  regular  arrangement 
The  most  typical  are  of  elongate  form,  smooth  and  flowing 
contours  and  regular  slopes  ;  their  end  slopes  are  commonly 
gentler  than  their  side  slopes  ;  their  longer  axes  are  approxi- 
mately parallel  with  each  other  and  correspond  with  the 
direction  of  the  drift.  In  length  they  vary  from  one-eighth 
of  a  mile  to  two  miles  or  more.  In  height  they  range  up  to 
300  feet,  though  rarely  more  than  seventy-five  or  100  feet 
high.'*  **  They  are  known,"  says  Salisbury,  from  whom  I  have 
taken  this  description,  **  as  drumlins  or  drums,  and  have  been 
called  elliptical,  lenticular  or  mammillary  hills." 

**  There  may  be  stratified  drift  within  the  body  of  the 
drumlins  overlain  and  underlain  by  till.  The  core  of  the 
drumlins  is  sometimes  stratified  material  "  {State  Geologist,  New 
Jersey,  pp.  71,  72). 

Speaking  of  the  drift  deposits  of  North  Germany,  Geikie 
says  :  "  Drums  and  drumlins  appear  to  be  of  infrequent  occur- 
rence. The  only  place  in  which  I  have  seen  them  is  the  island 
of  Kiigen  in  the  Baltic,  where  they  have  been  mapped  by  Prof, 
liudolf  Credner.  In  that  region  the  drums  frequently  have  a 
nucleus  of  rock  (chalk) "  (Great  Ice  Age,  p.  432). 

As  I  have  said,  I  look  upon  drumlins  as  merely  kames 
made  of  clay  instead  of  sand  and  gravel.  The  fact  that  they 
occur  in  districts  where  the  clays  abound,  and  not  in  the 
districts  perfectly  continuous  with  them  where  the  sands 
gradually  displace  the  clays,  is  very  eloquent  on  this  point. 

It  seems  perfectly  plain  from  the  features  above  referred  to 
that  the  kames  and  drumlins  are  aqueous  deposits,  and  could 
not  have  been  deposited  by  ice,  for  they  are  composed  of 
water- worn,  water-sorted,  stratified  and  cross-bedded  layers. 
Nor  could   their  external  form  have  been  given   them  by 
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ice,  for  their  layers  when  examined  prove  to  be  concentric, 
and  therefore  to  be  parts  of  the  original  structure  of  the 
mounds. 

Thus  Jamieson  speaks  of  the  Aberdeenshire  drift  gravel  as 
"  being  occasionally  piled  up  in  great  undulating  mounds  and 
tumuh,  forty  to  100  feet  high,  the  internal  structure  of  which 
sometimes  shows  that  their  present  form  is  not  the  result 
of  denudation  on  what  had  formerly  been  a  horizontally 
arranged  deposit,  but  whose  inward  undulations  conform  to 
the  exterior  outline  '*  {p'p,  cit.,  pp.  354,  355). 

Goodchild  says:  "The  external  configuration  of  the  drift 
mounds  follows,  in  a  general  way,  that  of  the  rock  surface 
on  which  they  lie,  and  their  component  layers  conform  in 
their  inclination,  in  a  general  way,  both  to  the  slopes  of  this 
core  of  rock  and  to  the  inclinations  of  the  surface  of  the 
mound  itself.  .  .  .  This  is  not  confined  to  mounds  of  till, 
but  is  observable  almost  as  frequently  in  well-stratified 
deposits,  such  as  the  mounds  of  sand  and  gravel.  In  eskers 
the  fact  of  the  correspondence  between  their  external  form 
and  their  structure  has  long  been  known."  Kendall  says 
of  the  great  range  of  drift  hills  extending  from  Shelling 
Point  vict  Kirk  Bride  and  in  a  great  sweep  down  to  Ballaugh, 
in  the  Isle  of  Man,  that  '*  they  present  features  characteristic 
of  hills  of  deposition  as  distinguished  from  hills  of  denudation. 
.  .  .  Thehillshaveabillowyappearance,  with  very  steep  sides, 
they  often  inclose  hollows  without  drainage  outlets,  and  the 
bedding  of  the  sand  and  gravel  of  which  they  are  composed 
may  be  seen  to  be  parallel  to  the  slope  of  the  hillsides.  .  .  . 
In  the  town  of  Kamsey,  along  the  back  of  Waterloo  Eoad,  is 
a  long  ridge  of  sand  and  gravel,  displaying  in  some  sections 
very  markedly  the  phenomenon  of  bedding  parallel  to  the 
surface"  (Glacial  Geology  of  the  Isle  of  Man,  pp.  9, 10). 

Speaking  of  the  Shelling  sands,  Kendall  again  says  that 
"  from  ShelUng  Point  they  extend  as  a  complex  chain  of  hills 
of  remarkably  rounded  form,  each  one,  as  a  rule,  standing 
very  distinct  from  its  neighbour,  and  revealing,  when  a 
chance  cutting  has  been  made,  a  bedding  parallel  to  the  surface  " 
{ibid.,  p.  17). 

It  is  quite  clear  from  this  concentric  arrangement  of  the 
layers  that  the  external  form  of  the  kames  was  not  super- 
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induced  upon  them  after  their  materiala  were  laid  down,  but 
was  an  original  feature  of  them. 

In  the  early  days  of  the  glacial  fervour  almost  every  kame 
or  series  of  kames  was  treated  as  a  moraine,  and  nearly  all 
the  so-cfiJled  moraines  referred  to  by  Buckland  in  Wales 
and  North  Britain  have  nothing  in  common  with  moraines 
beyond  the  moxmd-like  shape  of  their  exterior. 

It  is  quite  plain  from  the  concentric  structure  and  rounded 
outlines  above  described,  as  well  as  from  the  fact  that  they 
are  made  up  of  rounded  materials,  sifted  and  stratified,  and  the 
way  in  which  they  occur,  with  their  larger  axes  parallel  with 
the  valley,  that  the  kames  have  nothing  to  do  with  moraines, 
which  are  formed  of  quite  heterogeneous  materials  mixed 
like  rubbish,  and  having  only  very  sUght  and  local  signs  of 
occasional  stratification. 

Every  writer  knovm  to  me  now  argues  that  the  kames  are, 
in  fact,  aqueous  deposita  The  great  majority  of  the  glacialists, 
however,  connect  them  with  their  ice-sheets  by  means  of  the 
glacial  streams  to  which  they  have  such  constant  recourse. 
Thus  Upham  refers  them  to  glacial  rivers,  "  Sub-glacial  rivers 
must,'*  he  argues, "  have  existed  all  through  the  ice  age,  which 
became  greatly  increased  during  the  final  melting  of  the  ice- 
sheet.  Other  similar  rivers  flowed  on  the  surface  of  the  ica" 
He  argues  that  the  rapid  waters  of  summer  deposited  the 
gravels,  and  the  slower  waters  of  winter  the  layers  of  sand, 
which  would  be  very  irregularly  bedded.  **  On  the  general 
melting  of  the  ice  on  each  side  of  the  rivers,  the  materials 
in  their  channels  would  be  left  in  long  ridgea  .  .  .  The 
occurrence  of  occasional  angular  boulders,  enclosed  in  the 
surface  of  the  kames,  is  readily  explained,  as  the  course  of 
these  rivers  was  probably,  in  most  cases,  beneath  the  glacier, 
and  they  would  be  dropped  from  the  melting  of  the  ice  over- 
head. .  .  .  The  Connecticut  valley  for  twenty-four  miles  is 
marked  by  a  continuous  kame  (?  an  esker)  150  to  250  feet 
above  the  river,  by  which  and  its  tributary  streams  it  has 
frequently  been  cut  through.  ...  Its  material  is  principally 
gravel,  always  water- worn ;  the  largest  pebbles  one  or  two 
feet  in  diameter,  with  occasional  layers  of  sand  one  or  two 
feet  thick.  Occasional  angular  boulders  occur.  A  section 
invariably  shows  an  anticlinal  stratification/' 
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Nowhere,  so  far  as  I  know,  are  such  mounds  being  formed 
in  river-beds ;  nor  can  I  see  how  they  could  be.  Many  of 
them  have  their  materials  tossed  about  in  a  most  tumultuous 
way,  showing  that  the  water  which  deposited  them  was  tor- 
rential ;  but  if  so,  and  if  it  was  running  as  a  river,  surely 
we  should  have  had  the  whole  of  the  sand  and  clay  washed 
away,  instead  of  having  it  deposited  in  layers  and  laminse, 
and  then  overlaid  by  great  erratics.  How  any  one  who 
looks  at  the  great  collections  of  kames  strewing  the  em- 
bouchure of  the  Brora  valley,  or  those  of  other  Scotch  flat 
valleys,  where  they  are  spread  over  the  wide  plain  in  scores 
without  any  regular  alignment,  can  attribute  them  to  river 
action,  passes  my  comprehension. 

As  in  the  case  of  the  rivers  to  which  the  eskers  have  been 
assigned,  these  kame  rivers  must  have  been  able  to  run  up  and 
down  hill,  for,  as  Prof.  Geikie  is  constrained  to  say :  "  There 
are  many  kames  and  mounds  and  elevated  shelves,  ledges 
and  terraces  of  gravel  and  sand  which  have  no  apparent 
relation  to  valleys.  Sometimes  we  find  them  ranging  across 
wide  open  moorlands,  at  other  times  they  occur  upon  water- 
sheds, and  not  infrequently  they  can  be  traced  up  one  valley 
over  the  dividing  col  into  quite  a  different  drainage  area. 
Again,  they  occasionally  appear  fringing  the  slopes  of  hills 
and  mountains,  in  positions  and  at  elevations  where  it  is 
plain  that  no  mere  river  issuing  from  the  end  of  a  glacier 
could  possibly  have  deposited  them  "  (0;?.  ct^.,  p.  226).  He 
elsewhere  refers  to  the  "  isolated  mounds  of  sand  that  appear 
sporadically  in  the  low  grounds,  often  far  removed  from  any 
water-course,  and  whose  distribution  seems  to  bear  no  recog- 
nisable relation  to  the  configuration  of  the  ground  "  (ihid,^  p. 
237).  These  instances  are  clearly  unexplainable  by  any  river 
action,  and  show  to  what  straits  those  inquirers  are  driven 
who  rely  upon  river  action  for  their  explanation. 

The  impossibility  of  correlating  the  appearance  and  con- 
tents of  the  kames  with  river  deposits  is  not  lessened  but 
greatly  increased  when  we  make  these  rivers  glacial  rivers. 
This  solution  adds,  inter  alia,  to  the  enormous  difficulty  of  un- 
derstanding how  under  any  system  of  ice-sheets  the  materials 
of  the  kames  could  have  been  obtained  at  all.    Since  the  rivers, 

if  sub-glacial,  must  have  flowed  in  vast  tunnels,  the  ice  could 
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not  have  obtained  them  from  the  bed  of  the  ice-sheet  any  more 
than  the  expanse  of  the  open  dome  of  St.  Paul's  could  gather 
up  stones  from  its  floor  and  deposit  them  again ;  and  if  the 
denudation  of  the  floor  was  effected  by  the  sub-glacial  streams 
and  rivers,  how  could  they  work  through  the  padding  of  drift 
already  there  ?  The  materials  could  not  have  been  derived 
from  the  surface,  for  there  were  no  exposed  rocks  to  supply 
them ;  nor  yet  could  the  drains  of  the  ice-sheet  draw  supplies 
from  other  parts  of  the  ice-sheet  on  either  hand,  unless  the 
ice-tunnels  were  continually  shifting  about;  and  if  so,  the 
mounds  would  have  been  destroyed  and  dispersed  by  the  ice 
itself  when  it  took  the  place  of  the  stream. 

Some  of  the  champions  of  the  ice  monster  seem  to  think 
that  in  some  way  or  other  sub-glacial  streams  because  they 
are  supposed  to  have  flowed  in  tunnels  could  travel  up  and 
down  hill  irrespective  of  the  contour  of  the  country,  and  they 
thus  explain  the  distribution  of  the  kames  and  drumlins. 
Thus  Mr.  Kendall  says,  **  as  the  sub-glacial  rivers  were  flow- 
ing through  tubular  channels,  they  could  flow  uphill  or  downhill 
with  almost  equal  facility  '*  {Glacial  Oeology  of  the  Isle  of  Man, 
p.  35). 

This  notion  seems  to  me  extraordinary.  Ot  course  if  we 
have  a  reservoir  of  water,  and  we  put  a  pipe  into  its  side  or 
at  its  base,  the  water  will  flow  in  that  pipe  up  and  down  hill 
so  long  as  we  do  not  try  to  make  it  rise  higher  than  the 
water  in  the  reservoir,  and  so  long  therefore  as  we  have  a 
sufficient  thrust  from  behind  to  keep  it  moving;  but  this 
thrust  is  absolutely  essential.  How  are  the  ice-tunnels  to  be 
kept  gorged  with  water?  Whence  is  it  to  come?  Again, 
water,  however  situated,  will,  whether  driven  from  behind  or 
flowing  by  its  own  impulse,  follow  the  path  of  least  resistance. 
Why  should  it  proceed  to  carve  itself  tunnels  running  uphill 
instead  of  carving  them  running  downhill  ?  I  cannot  under- 
stand the  process  at  all. 

The  view  here  urged  by  Mr.  Kendall  has  been  put  in  an 
even  more  transcendental  way  by  Prof.  Shaler. 

Fairchild  says  of  the  kames  in  Western  New  York: 
"  There  can  be  no  doubt  that  the  greater  part  of  the  material 
has  been  derived  from  the  Ontario  excavation  and  rock  de- 
gradation upon  the  north,  and  has  been  carried  southward 
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uphill.  It  has  been  lifted  hundreds  of  feet  by  either  ice  or 
water,  or  both  combined.  Upward  currents  probably  do  not 
exist  in  the  body  of  the  ice-sheet  sufficient  to  lift  the  sub- 
glacial  d6bris  to  such  a  height  in  so  short  a  distance.  Indeed, 
the  material,  if  taken  from  the  ground  moraine,  would  re- 
quire to  be  lifted  far  above  its  present  height,  as  the  fully 
rounded  gravel  and  the  large  proportion  of  sand  represent  the 
wear  of  a  considerable  journey  by  stream  transportation." 
He  then  goes  on  to  quote  approvingly  an  extraordinary 
theory  of  Prof.  Shaler's,  viz,,  that  in  some  manner  the  lifting 
of  the  sand  and  gravels  may  have  been  done  by  forceful  up- 
ward currents  of  water  at  the  ice-front  impelled  by  the 
hydraulic  pressure  of  water  in  the  lofty  ice-sheet  to  the  north- 
ward !  !  !  "  The  chief  and  perhaps  fatal  objection,"  he  says, 
**to  this  explanation  is  the  extreme  height  of  the  Hopper 
range,  which  is  250  feet  over  the  highest  water-level "  ("  Kame 
Areas  of  Western  New  York,"  Joum,  of  GeoL,  iv.,  p.  129,  etc.). 

A  much  more  fatal  objection  is  surely  to  understand  how 
water  contained  in  a  saturated  mass  of  ice  can  exercise  any 
pressure  at  all  upon  an  ice-stream  below  it.  Whatever 
gravitating  force  water  may  have  when  it  is  in  a  reservoir  is 
distributed  in  the  interstices  of  the  ice-mass  when  it  is  a  case 
of  the  water  saturating  an  ice-mass,  and  it  cannot  exercise 
pressure  apart  from  the  ice  of  which  it  in  fact  forms  a  part. 
S^gg^^tions  hke  those  just  cited  are  indeed  the  despairing 
resources  of  a  lost  cause. 

In  regard  to  the  contents  and  structure  of  the  kames.  Good- 
child  also  argues  in  his  usual  transcendental  way.  He  first 
postulates  that  the  ice  of  the  ice-sheets  had  a  vast  quantity 
of  d6bris  of  sand  and  stones  scattered  through  its  substance  : 
a  most  arbitrary  postulate,  quite  contrary  to  all  our  experience 
of  ice-sheets  and  glaciers,  in  which  it  is  only  in  very  local  and 
exceptional  places  that  we  find  ice  thus  occupied,  while  generally 
it  is  quite  free  from  any  debris.  He  then  enters  into  minute 
details  in  regard  to  the  method  in  which  ice  gorged  with 
d6bris  in  this  way  would  act,  which  are  quite  as  imaginary  as 
Alice's  discoveries  in  Wonderland.  Thus,  to  quote  one  of  his 
sentences :  **  The  drift  as  we  have  it  was  engendered  beneath 
the  ice  after  it  came  to  a  standstill ".  I  presume  the  meaning 
of  this  to  be  that  the  drift  was  deposited  from  the  ice-sheet 
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by  the  gradually  melted-out  debris  settling  on  its  bed.  If 
this  were  so,  how  did  it  become  stratified,  and  especiaUy  con- 
centrically stratified,  and  why  was  it  deposited  in  turtle-shaped 
mounds  ?  In  certain  places,  again,  the  kames  contain  marine 
shells.  This  is  surely  a  great  puzzle  to  any  one  who  treats 
them  as  of  sub-glacial  origin.  Of  this  fact  I  will  quote  one 
case  only. 

"The  fossiliferous  Champlain  clays,**  says  Stone,  "have 
hundreds  of  times  been  seen  overlying  the  kames,  and  I  have 
taken  mya,  balanus,  and  shells  of  other  marine  genera  from  the 
undisturbed  clay  found  in  the  depression  on  a  kame  "  (Proc, 
Amer.  Assoc.  Adv.  Soc,  p.  518). 

Upham,  in  regard  to  the  drumlins,  frankly  confesses  that 
''while  some  progress  seems  to  be  gained  towards  a  know- 
ledge of  the  manner  and  time  of  deposition  of  the  drumlins, 
the  question  as  to  how  the  ice-sheet  could  amass  these  hills, 
and  why  they  are  distributed  in  abundance  upon  some  dis- 
tricts, but  are  absent  or  represented  only  by  a  few  examples 
upon  other  large  areas,  remains  still  unanswered  *'  (Proc.  Bost. 
Soc.  of  Nat,  Hist,  xxiv.,  p.  242).  And  it  surely  vTill  continue  to 
be  unanswered  on  the  lines  prescribed  by  Mr.  Upham. 

It  seems  perfectly  plain  that  both  kames  and  drumlins 
were  the  offspring  of  the  same  force,  and  that  in  whichever 
way  we  view  them  we  shall  fail  to  find  in  them  anything  like 
fluviatile  deposits,  whether  the  rivers  appealed  to  be  ordinary 
sub-aerial  rivers,or  rivers  and  streams  connected  vnth  ice-sheets 
or  glaciers.  I  cannot  realise  any  method  by  which  sub-glacial 
rivers,  or  any  rivers  at  all  with  even  slopes,  could  form  great 
mounds,  scores  of  feet  high  in  their  channels  in  some  places 
and  scour  out  their  beds  in  others,  nor  how  they  should  do  this 
especially  where  the  valleys  spread  out  into  great  estuarine 
flats  where  the  force  of  the  water  would  be  dissipated  by  being 
vndely  spread  out.  It  seems  to  me  that  neither  mediately  nor 
immediately  can  we  connect  kames  and  drumlins  with  ice- 
sheets  or  with  river  action,  and  that  we  must  turn  from  such 
causes  as  invalid  to  one  which  has  no  such  disadvantages,  but 
which  explains  all  the  kames  equally  well,  whether  situated  in 
valleys  or  in  the  open  country,  namely,  a  rush  of  water  sweep- 
ing over  the  country  and  breaking  against  mountains  and 
obstacles  Mrith  great  force.  Being  thus  stopped  and  thrust  back, 
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and  ebbing  at  such  points  with  great  force,  the  huge  back- 
wash as  the  water  returned  down  the  valleys  or  met  with 
serious  obstacles  would  form  mounds  and  ramparts  of  gravel 
and  sand,  which  would  naturally  in  many  cases  be  stratified, 
and  in  others  be  tumultuously  arranged.  To  this  view  I  shall 
revert  presently. 

Let  us  now  turn  to  another  set  of  drift  deposits. 

I  am  quite  willing  to  grant  to  the  ultra-glacialists  that  their 
hj^thetical  ice-sheets  are  not  consistent  with  the  existence 
of  medial  or  lateral  moraines.  These  are  only  consistent 
with  the  existence  of  true  glaciers  moving  down  valleys 
flanked  on  each  side  by  projecting  crags,  and  in  the  days  of 
ice-sheets  when  the  whole  country  is  supposed  to  have  been 
swathed  in  snow  there  would  be  no  such  projecting  crags 
available. 

While  this  is  so,  the  same  reason  does  not  apply  to  terminal 
moraines.  A  considerable  part  of  the  terminal  moraines 
known  to  us  come  from  beneath  the  glacier  as  well  as  from 
its  back. 

If  the  view,  so  often  contested  in  these  pages,  that  glaciers 
and  ice-sheets  were,  and  are,  underlaid  by  what  are  called 
ground  moraines,  and  that  the  great  mass  of  the  drift  is 
really  ground  moraine,  we  ought  to  find  clear  and  abundant 
footsteps  of  the  great  ice-sheets  of  the  glacial  age  in  corre- 
spondingly important  terminal  moraines.  Each  ice-sheet 
must  have  protruded  a  gigantic  and  portentous  ground 
moraine  marking  its  farthest  extent,  and  perhaps  others 
arranged  concentrically  marking  the  stages  of  its  retirement. 
Now  it  is  a  very  remarkable  thing  that  no  undisputed 
terminal  moraines  of  the  great  ice-sheets  seem  to  exist 
anywhere. 

There  are  enormous  collections  of  mounds  in  America  and 
in  Germany  which  have  been  treated  by  the  ultra-glacialists 
as  terminal  moraines,  but  the  fact  of  their  being  so  has  been 
sharply  disputed,  and  it  seems  to  me  that  they  utterly  fail  to 
meet  the  conditions  of  true  terminal  moraines. 

Those  who  hold  them  to  be  so  are  naturally  the  champions 
of  ground  moraines,  and  of  the  doctrine  of  englacial  drift, 
doctrines  involving,  as  I  have  tried  to  show,  transcendental 
and  not  real  qualities  of  ice.    I  have,  therefore,  a  tremendous 
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a  priori  objection  to  these  great  moraines  (so  called)  being 
treated  as  moraines  at  all. 

Secondly,  they  seem  to  me  to  possess  certain  features  which 
put  them  out  of  the  category  of  moraines  altogether.    Where 
we  can  examine  glaciers  we  find  that  the  largest  terminal 
moraines  mark  the  ultimate  terminus  of  the  progress  of  the 
ice-mass.     It  is  at  the  last  halting-stage  of  the  glacier  that 
the  greatest  mass  of  debris  has  accumulated.     It  is  there  the 
great  ice-brush  has  swept  the  largest  surface  possible  of  its 
debris,  and  piled  it  up  in  correspondingly  large  mounds.   This 
we  can  see  in  the  Alps,  and  in  Norway  this  is  the  usual  way 
with  glaciers.    Outside  these  terminal  moraines  we  do  not  find 
what  the  Americans  have  called  extra  moraine  drift — that 
is  to  say,  precisely  the  same  kind  of  materials  spread  out  in 
a  more  or  less  continuous  sheet,  and  having  no  actual  frontier 
in  the  shape  of  great  mounds  at  all,  a  kind  of  overlap  of  what 
are  deemed  the  terminal  moraines.     I  cannot  understand 
how  such  an  overlap  could  exist  if  these  were  true  moraines. 
The  drains  of  the  ice-sheet,  if  they  existed  in  any  number, 
might  lay  down  a  quantity  of  washed  and  sorted  materials  in 
special  channels,  but  the  materials  in  question  are  neither 
washed  and  sorted,  nor  do  they  lie  in  separate  beds  like  old 
river-channels.     On  the  contrary,  they  are  disposed  in  a  con- 
tinuous sheet  forming  a  frill  or  apron  to  the  great  mounds, 
and  extending  for  a  long  distance  beyond  them.     How  could 
ice-streams  draining  a  mass  of  ice  lay  dovni  such  a  continu- 
ous ribbon  of  deposit  ? 

We  are  sometimes  told  that  the  ice-sheet  melted  very  fast 
in  consequence  of  some  quite  unknown  agency,  and  that  it  was 
the  floods  caused  by  such  melting  which  caused  the  dispersal  of 
the  extra  morainic  drift.  I  cannot  understand  the  process. 
In  order  that  there  should  be  floods  of  this  kind  proceeding 
from  the  whole  front  of  the  ice-sheet,  we  must  suppose  that 
it  had  ceased  to  be  a  real  ice-sheet  altogether,  and  had 
become  a  glorified  iceberg  floating  on  a  continuous  layer  of 
water,  which  seems  to  me  almost  physically  impossible,  and 
for  which  a  great  deal  of  evidence  is  needed  which  has  not 
as  yet  been  forthcoming.  If  we  secured  the  water,  however, 
such  floods  would  surely  have  swept  away  all  the  sands  and 
clays  and  left  the  boulders  and  the  gravels  clean  washed. 
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Another  theory  to  explain  these  fringes  seems  even  more 
impossible.  This  accounts  for  them  as  the  result  of  a  previous 
glaciation.  I  do  not  see,  however,  how  and  why  the  ice- 
sheet  of  the  previous  glaciation  should  have  left  no  terminal 
moraines  and  left  only  a  fringe  to  the  terminal  moraine  of  the 
lesser  glaciation.  It  must  have  been  a  larger  ice-sheet  than  the 
one  which  deposited  the  inner  and  more  northern  mounds. 
Why  then  did  it  not  deposit  still  larger  mounds  at  its  termina- 
tion instead  of  only  this  more  or  less  thin  and  continuous 
sheet,  which  the  Americans  call  a  fringe  ? 

It  seems  to  me  that  the  presence  of  the  extra  morainic 
drift  is  very  strong  evidence  against  the  so-called  terminal 
moraines  of  the  ice-sheet  in  America  and  in  Germany  being 
moraines  at  all. 

Again,  if  they  were  moraines,  it  seems  very  curious  that 
they  should  not  be  continued  all  round  the  outer  edge  of  the 
ice-sheet.  In  America,  however,  they  are  only  found  in  the 
Eastern  States,  while  in  the  Western  States  there  is  nothing 
corresponding  to  them. 

Thus  Dr.  Wright  tells  us  that  when  he  and  Prof.  Carvell 
Lewis  were  tracing  the  boundary  of  the  glaciated  area  in 
North  America,  they  found  that  upon  crossing  the  AUeghanies 
and  pursuing  their  investigations  in  the  Mississippi  valley 
they  were  compelled  to  abandon  the  notion  that  the  terminal 
moraines  could  be  traced  across  the  continent,  and  were 
content  to  find  marginal  deposits  more  evenly  spread  over 
the  country,  ending  in  some  cases  in  an  extremely  attenuated 
border  {Ice  Age  in  America,  p.  121).  Again,  he  says :  **  Through 
a  portion  of  the  southern  boundary  of  the  glaciated  area  in 
North  America  the  glaciated  deposits  are  so  marked  as  to 
merit  the  name  of  terminal  moraines.  Through  another  portion 
that  name  is  hardly  applicable  to  anything  near  the  glacial 
border''  {ibid,,  p.  123).  Again :  **  The  glacial  margin  on  the 
Mississippi  valley  is  not  marked  by  such  accumulations  as 
characterise  it  east  of  the  AUeghanies.  The  glacial  deposits 
south  of  New  England  are  truly  phenomenal  in  their  extent, 
and  can  with  perfect  propriety  be  called  terminal  moraines. 
West  of  the  Hudson  Eiver  it  is  difficult  to  trace  a  well-defined 
and  continuous  moraine  along  the  extreme  glacial  boundary  " 
{ibid.,  pp.  176-178). 
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Chamberlin  says  that,  ''so  far  as  yet  ascertained  in  the 
interior,  the  drift  hmit  is  not  marked  by  any  such  persistent 
ridge-like  accumulations,  but  gradually  dies  away  or  is  buried 
by  later  deposits,  so  that  the  precise  hmit  of  glacial  advance 
is  not  easily  determined.  The  only  approach  to  an  exception 
to  this  known  to  me  is  the  case  of  the  Kettle  moraine  in 
Wisconsin,  where  it  lies  on  the  border  of  the  driftless  area. 
Elsewhere  around  that  area  the  drift  thins  out  very  gradually, 
so  as  to  render  the  mapping  of  its  margin  a  work  of  close  in- 
spection, and  as  the  region  presents  no  evidence  of  subsequent 
submergence,  or  any  other  special  modifying  agency,  except 
the  usual  meteorological  forces,  this  would  seem  to  represent 
approximately  the  original  form  of  deposit  **  (op.  c»<.,  p.  28). 

The  American  geologists,  and  especially  Dr.  Wright,  have 
tried  in  many  ingenious  ways  to  get  over  the  supreme 
difficulty  involved  in  the  facts  just  stated,  and  to  find  some 
reason  for  the  discrimination  shown  by  the  great  ice-sheet, 
which  left  great  mounds  at  its  supposed  farther  limit  in 
some  places,  and  left  nothing  of  the  kind  elsewhere ;  but  I 
altogether  fail  to  see  anything  but  special  pleading  in  it  all, 
and  it,  at  all  events,  justifies  us  in  the  gravest  a  priori  doubts 
as  to  these  vast  mounds  having  had  anything  to  do  with 
moraines  at  all. 

This  view  is  strengthened  when  we  examine  the  internal 
structure  of  these  supposed  moraines.  For-  a  long  time  it 
was  the  fashion  of  glacialists  to  ignore  the  internal  structure 
of  the  mounds,  which  they  called  moraines,  altogether,  and 
to  give  the  name  to  any  heaped-up  rubbish  or  soft  materials 
lying  athwart  the  lines  of  drainage  of  a  valley.  This  was 
the  case  very  largely  with  Agassiz,  Buckland,  and  even  Lyell, 
who  largely  ignored  the  critical  element  of  stratification  or 
non-stratification  of  materials  in  discriminating  what  they 
called  moraines.  Hence  every  heap  of  rubbish,  whatever  its 
form  or  the  arrangement  of  its  contents,  was  pronounced  a 
moraine,  and  hence  the  literature  of  glacial  science  is  dis- 
figured by  many  conclusions  on  the  subject  which  are  quite 
inept  and  really  ridiculous. 

Thus  Buckland  claims  to  have  found  a  moraine  **  thirty 
feet  high,  stratified  near  the  top  to  the  depth  of  a  few  feet, 
but  composed  chiefly  of  unstratified  gravel,  inclosing  frag- 
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mentary  portions  of  a  bed  of  laminated  sand  about  three  feet 
thick.  Some  of  these  fragments  were  in  a  vertical  position, 
others  were  inclined,  and  the  laminae  of  which  they  were 
composed  were,  for  the  greater  part,  variously  contorted" 
{Geol.  Procs,,  iii.,  p.  346). 

Can  anything  be  possibly  more  different  to  a  moraine  than 
this? 

Again,  in  regard  to  another  of  Backland's  moraines^  viz., 
that  on  the  elevated  plain  of  Pentre  Voelas,  where  are  large 
deposits  of  unstratified  detritus  supposed  to  have  been  re- 
arranged by  water,  Macintosh  says  **  this  detritus  contains  no 
true  rounded  and  striated  blocks,  nor  rounded  pebbles,  nor  a 
mixture  of  fragments  of  all  forms  and  sizes  such  as  usually 
belong  to  moraines.  Snowdon,  again,  is  twenty  miles  off,  and 
there  is  no  considerable  height  near,  and  Pentre  Voelas  is  an 
open  and  widely  extended  plain,  so  it  is  impossible  to  see  how 
and  whence  the  necessary  ice  could  have  come.*'  Another 
instance  is  between  Pont-y-Gyffing  and  Capel  Curig,  and 
consists  of  what  looks  like  a  mound  of  gravel  above  certain 
dome-shaped  hummocks  in  front  of  the  confluence  of  the 
upper  valley  of  the  Llugwy  with  that  of  Nant-y-Gwryd. 
Macintosh,  however,  discovered  that  what  appeared  to  be  a 
mound  of  gravel  was  merely  a  low  wavy  ridge  of  schist,  whose 
ragged  and  weathered  surfaces  seamed  at  a  little  distance  as 
if  covered  by  fragments,  although,  in  fact,  they  are  nearly 
bare,  and  he  believes  no  gravel  exists  there. 

Another  of  Buckland's  moraines,  says  the  same  writer,  is 
near  the  elevated  lake  of  the  Flynnon  Llugwy,  north  of  the 
road  from  Capel  Curig  to  Bethesda.  It  consists  of  two  principal 
streams  of  blocks,  one  extending  down  in  a  south-west  direction 
from  near  the  lower  end  of  the  lake  for  about  two  and  a  half 
miles,  the  other  taking  an  opposite  course,  and  reaching 
partly  across  the  upper  end  of  the  valley,  a  distance  of  nearly 
half  a  mile.  "  The  former,**  says  Macintosh,  **  is  marked  by 
no  glacial  feature,  and  is  chiefly  remarkable  for  its  length  and 
conformity  to  the  curves  of  the  river,  but  the  latter  has  at  its 
farther  extremity  400  or  500  detached  piles  of  angular  blocks 
about  twenty  feet  in  height.  Near  its  point  of  commence- 
ment, also  on  the  west  side  of  the  valley,  it  passes  over  two 
mounds,  twenty  or  thirty  feet  high,  covered  with  peat  and 
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herbage,  and  a  similar  mound,  somewhat  larger  and  higher, 
occurs  at  the  other  end  of  the  line,  having  also  blocks  on  its 
top."     Is  this  line  a  moraine? 

Let  us  return,  however.  The  stratified  character  of  a 
large  part  of  the  so-called  terminal  moraines  of  America  is 
a  very  marked  feature  of  them.  In  all  the  descriptions  I 
have  seen  of  these  so-called  moraines,  we  have  continual 
references  to  modified  drift,  or  re-arranged  and  stratified  drift, 
as  being  intercalated  with  the  unstratified  beds,  and  we  have 
descriptions  which  recall  the  character  of  kames  and  other 
water-deposited  mounds. 

Thus,  describing  these  accumulations,  Upham  speaks  of 
'*  terminal  moraines  of  the  ice-sheet  as  occurring  across  New 
Jersey,  where  the  margin  of  the  glacial  drift  is  marked  by 
a  series  of  very  irregular  hills  composed  of  tiU  with  occasional 
portions  of  modified  drift,  which  have  been  traced  by  Prof. 
Cook  from  the  Delaware  Biver  a  few  miles  above  Easton  by 
Hackettstown,  Dover  and  Morristown  to  Perth  Amboy.  -  .  . 
For  the  twelve  miles  between  Plainfield  and  Perth  Amboy 
the  terminal  moraine  is  well  known  by  the  name  of  the  Short 
Hills." 

Again,  speaking  of  Long  Island,  where  the  so-called 
moraine  is  very  prominent,  he  says  of  Sandwich  that  the 
range  there  rises  to  200  or  300  feet  above  the  sea.  '*  This 
portion,"  he  adds,  **  consists  principally  of  modified  drift  often 
with  numerous  boulders  embedded  in  it.  Farther  east  it  is  partly 
modified  drift. ^* 

It  is  a  curious  circumstance  that  we  are  further  told  no 
similar  series  of  drift  hills  has  been  discovered  to  the  north 
of  these  deposits  in  New  England,  and  the  only  explanation 
which  Mr.  Upham  can  give  is  that  the  retreat  of  the  ice  was 
too  rapid  to  permit  of  their  accumulation  (op.  cit.^  p.  13), 

Chamberlin  describes  the  Wisconsin  Kettle  Moraine  as  "  an 
irregular  series  of  drift  ridges  and  hills  of  rapidly,  but  often 
very  gracefully,  undulating  contour,  consisting  of  rounded 
domes,  conical  peaks,  winding  and  occasionally  geniculated 
ridges,  short,  sharp  spurs,  mounds,  knolls  and  hummocks, 
promiscuously  arranged,  accompanied  by  corresponding 
depressions  that  are  even  more  striking  in  character.  These 
depressions  .  .  .  are  variously  known   as   'potash  kettles,' 
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'pot  holes,' .' pots  and  kettles,'  'sinks,*  etc.  Those  best 
known  are  circular  in  outline  and  symmetrical  in  form.  .  .  . 
Occasionally  they  approach  the  form  of  a  funnel  or  inverted 
bell,  while  the  shallow  ones  are  mere  saucer>like  hollows, 
and  others  are  rudely  oval,  oblong,  elliptical,  or  are  extended 
into  trough-like  or  even  winding  hollows,  while  irregular 
departures  from  all  these  forms  are  most  common.  In  depth 
these  cavities  vary  from  the  merest  indentations  of  the  surface 
to  bowls  sixty  feet  or  more  deep,  while  in  the  irregular  forms 
the  descent  is  not  infrequently  100  feet  or  more.  The  slope 
of  the  side  varies,  but  in  the  deeper  ones  reaches  an  angle  of 
dO"*  or  35"*,  t.e.,  is  about  as  steep  as  the  material  will  lie.  The 
kettles  seldom  exceed  500  feet  in  diameter.  A  large  number 
of  small  lakes  without  outlet  dot  the  surface,  and  vary  from 
ponds  at  the  bottom  of  small  kettles  to  lakes  two  or  three 
miles  in  diameter.  These  are  simply  kettles  on  a  large  scale. 
Many  of  the  small  mounds  look  like  inverted  kettles. 

"  The  range  itself  as  distinguished  from  its  superficial  feat- 
ures is  of  composite  character,  being  made  up  of  a  series  of 
rudely  parallel  ridges  which  unite,  interlock,  separate,  appear 
and  disappear  in  an  eccentric  and  intricate  manner.  Several  of 
these  subordinate  ridges  are  often  clearly  discernible.  Eidges 
running  across  the  trend  of  the  range,  as  well  as  traverse 
spurs  extending  out  from  it,  are  not  uncommon  features. 
The  component  ridges  are  themselves  exceedingly  irregular 
in  height  and  breadth,  being  often  much  broken  and  inter- 
rupted "  (TFisccwsin  KeiiU  Moraine,  pp.  4-6). 

"  Clay,  sand,  gravel  and  boulders  all  occur  prominently  in 
the  Kettle  range,  gravel  being  the  most  conspicuous  ele- 
ment exposed  to  observation.  The  gravel  and  sand  form  an 
undulating  sheet  over  the  lower  beds  which  are  more  uneven 
in  surface  than  the  upper  one.  The  great  core  of  the  range 
consists  of  a  confused  commingling  of  clay,  sand,  gravel 
and  boulders  of  the  most  pronounced  type.  There  is  every 
gradation,  from  boulders  several  feet  in  diameter  down  to  the 
finest  rock  flour,  and  the  erratics  present  all  forms  of  angu- 
larity, from  those  scarcely  abraded  to  thoroughly  rounded 
boulders.  The  cobble  stones  are  spherically  rounded,  rather 
than  flat,  as  is  common  in  beach  gravel  when  the  attrition 
is  produced  largely  by  sliding  rather  than  rolling.     While  the 
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heart  of  the  range  is  essentially  unstratified,  there  is  much  stratified 
material  iyUimately  associated  with  it,  a  part  of  which^  if  my  dis- 
criminations are  correct,  was  formed  simultaneously  with  the  pro- 
duction of  the  unstratified  portion.  .  .  .  The  local  overlying  beds 
previously  mentioned  are  obviously  stratified,  the  bedding  lines  being 
often  inclined,  rather  than  horizontal,  and  frequently  discordant, 
undulatory  or  irregular"  (ibid.,  pp.  7-8). 

In  an  interesting  paper  by  Mr.  Leverett  on  the  correlation 
of  the  so-called  moraines  of  America  with  the  raised  beaches 
of  Lake  Erie,  he  shows  how  remarkably  the  two  are  connected, 
a  fact  surely  incompatible  with  these  so-called  moraines  being 
moraines  at  all.  He  does  so  in  the  case  of  three  different 
beaches,  namely,  the  Van  West  or  Upper  Beach,  the  Leipzig 
or  Second  Beach,  and  the  Belmore  Beach,  each  of  which  has 
its  correlative  moraine,  and  he  says  emphatically,  "  there 
seems  to  be  no  question  that  the  moraine  of  the  Eastern 
Lake  Erie  has  in  the  Western  Erie  Basin  a  beach  for  its 
correlative  ".  I  may  add  that  the  description  given  by  Mr. 
Leverett  of  these  so-called  moraines  does  not  seem  to  me 
consistent  with  their  being  anything  of  the  kind.  He  says : 
*'  Instead  of  a  uniform  deposit  of  till  at  the  surface  there  is  a 
variety  of  formations  remarkable  for  the  abruptness  of  their 
alternations.  In  one  knoll  a  fine  sand  may  occur  while  its 
neighbours  are  composed  of  clay,  or  a  portion  of  a  knoll  may 
be  sand  and  the  remainder  clay,  the  whole  being  moulded 
together  in  a  symmetrical  knoll,  like  the  gravel  and  till  in 
ordinary  kames.  One  of  these  so-called  moraines,"  he  says, 
^'  was  one  of  the  first  moraines  to  be  described  on  the  American 
continent,  having  been  so  described  by  Mr.  Gilbert  in  1871 " 
(Wisconsin  Acad,  of  Sciences,  viii.,  p.  233,  etc.). 

The  theory  that  these  great  series  of  mounds  described  by 
the  American  geologists  are  moraines,  seems  to  me  to  be  based 
entirely,  or  almost  entirely,  on  their  external  contour.  Directly 
we  get  information  about  their  internal  contents,  we  discover 
that  they  are  to  a  large  extent  formed  not  of  unsorted  moraine 
matter  at  all,  but  of  materials  deposited  by  water,  and  con- 
sisting of  sorted  and  sifted  gravels  and  sands,  arranged  in 
concentric  layers  and  showing  signs  of  cross-bedding.  They 
are  generally,  in  fact,  described  as  if  they  were  glorified  kames 
which  are  avowedly  aqueous  deposits,  and  I  confess  I  cannot 
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see  how  they  are  to  be  treated  as  anything  else.  The  view 
that  they  are  not  true  moraines  has  been  urged  by  more  than 
one  distinguished  observer.  Thus  Dana  says  emphatically 
that  there  are  no  lateral  moraines  of  the  glacial  era  in  New 
England.  He  also  says  that  no  distinct  terminal  moraines 
of  the  glacial  era  have  been  observed  in  New  England,  and  he 
actually  accounts  for  this  by  the  glacier  having  terminated  in 
the  ocean  on  the  east-south-east  and  south,  and  in  the  further 
fact  that  the  melting  of  the  Champlain  era,  t.^.,  of  the  era  of 
great  floods,  took  place  over  too  vast  an  area  for  the  forma- 
tion of  proper  terminal  moraines,  and  he  argues  that  the 
universal  covering  of  drift  on  Long  Island  was  deposited 
during  the  early  Champlain  (t.e.,  the  Flood)  period  (see 
Dana,  The  Glacial  and  Champlain  Eras  in  New  England). 

Sir  Wm.  Dawson  says :  **  I  may  be  excused  for  continuing 
to  regard  the  supposed  terminal  moraines  of  great  continental 
glaciers  as  nothing  but  the  southern  limit  of  the  ice-drift  of  a 
period  of  submergence.  In  such  a  period  the  southern  margin 
of  an  ice-la>den  sea,  where  its  floe-ice  and  bergs  grounded,  or 
where  its  ice  was  rapidly  melted  by  water,  and  where  conse- 
quently its  burden  of  boulders  and  other  debris  was  deposited, 
would  necessarily  present  the  aspect  of  a  moraine,  which  by 
the  long  continuance  of  such  conditions  might  assume 
gigantic  dimensions"  (Report  Brit.  Ass.,  1886,  p.  40). 

Again,  the  same  writer  says :  **  The  great  Missouri  Coteau 
to  which  Dr.  G.  M.  Dawson  first  directed  prominent  attention 
as  a  glacial  feature,  and  which  fringes  the  margin  of  the 
third  plateau,  about  400  miles  west  of  Winnipeg,  is  now 
known  to  be  continuous  with  similar  ridges  extending  south- 
wards into  the  United  States,  and  eastwards  towards  the 
Atlantic,  and  which  have  been  described  as  the  terminal 
moraine  of  a  great  continental  glacier.  In  the  western 
plains,  however,  where  it  has  its  greatest  development,  it 
cannot  be  explained  in  this  way,  but  must  mark  the  margin 
of  an  ancient  glacial  sea,  or  at  least  of  that  deeper  portion  of 
such  sea  in  which  heavy  ice  could  float,  while  in  its  upper 
portion  it  shows  evidence  of  having  been,  in  the  later  periods 
of  its  formation,  an  actual  water  margin ''  (Ice  Age  in  Canada^ 
pp.  123,  124). 

Again,  Prof.  G.  M.  Dawson  says :  "  The  great  drift  ridge 
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of  the  Missouri  Coteau  at  first  sight  resembles  a  gigantic 
glacier  moraine ;  and  marking  its  coarse  in  the  map  it  might 
be  argued  that  the  nearly  parallel  line  of  elevations,  of  which 
Turtle  Mountain  forms  one,  are  remnants  of  a  second  line  of 
moraine  produced  as  a  feebler  effort  by  the  retiring  ice-sheet ". 
After  arguing  against  this  notion,  he  adds:  ''In  attributing 
the  glacial  phenomena  of  the  great  plain  to  the  action  of 
floating  ice,  I  find  myself  in  accord  with  Dr.  Hector,  who 
has  studied  a  great  part  of  the  basin  of  the  Saskatchewan, 
and  also  as  far  as  I  can  judge  from  his  reports  with  Dr. 
Hayden,  who,  more  than  any  other  geologist,  has  had  the 
opportunity  of  becoming  familiar  with  all  parts  of  the  Western 
States  *'  (Qmr.  Joxim.  Geol,  Soc,  1875,  pp.  619-620).  He  then 
goes  on  to  postulate  a  great  submergence,  the  result  of  which 
was  a  corresponding  large  sea  on  which  icebergs  floated.  In 
regard  to  this  theory  of  a  permanent  submergence,  I  can  only 
partially  agree  with  my  two  friends  just  quoted,  but  in  attri- 
buting the  so-called  terminal  moraines  of  America  to  the  de- 
posit of  water,  and  making  them  gigantic  water  margins,  I 
am  completely  at  one  with  both  of  them.  Let  us  now  pass 
on  and  turn  to  Germany. 

Von  Cotta,  in  his  geological  sketches  of  the  neighbour- 
hood of  Dresden  (1845),  was  the  first  to  call  attention  to  what 
Jentzsch  and  others  call  the  Diluvialhiigel  there.  Yon  Cotta 
says:  "It  is  as  we  approach  the  hilly  country  that  these 
drift  mounds  begin  to  appear,  the  country  to  the  north  being 
very  flat.  They  consist  of  accumulations  of  small  boulders, 
while  in  the  neighbouring  low  beds  there  is  only  sand  and 
gravel  with  occasional  boulders.  South  and  west  of  Bossen- 
dorf,  between  Dresden  and  Schmiedefeld,  large  numbers  of 
these  mounds  occur  from  twenty  to  100  feet  high.  Near 
Knichlen  is  a  small  hill  of  the  same  character,  from  100  to 
130  feet  high."  Von  Cotta  mentions  others  in  other  places 
as  the  Spitsberg,  near  Rodeberg,  the  little  hills  south  of 
Gommalitz  and  Weixdorf,  the  long  mound  between  Jessen 
and  Oberaer,  and  others  between  Taschendorf  and  Weinbohla, 
the  windmill  hill  near  Gleiva,  and  the  hills  near  Quees, 
Neschintz,  Blooschiitz,  Salzforstchen,  Kleinwelka,  Sonnen- 
berg,  Bodewitz,  Sinknitz,  Lomnitz,  Tauchritz  and  Penzig. 
A  conspicuous  one  is  the  Miihlberg,  near  Dorfel,  with  its 
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eastern  neighbours.  Others  between  Konigsvazte  and  Groste- 
witz,  near  Grossdubran,  between  Rochel  and  Groditz,  and  be- 
tween Neudorf  and  Burkersdorf. 

Von  Cotta  says  of  these  mounds :  **  Aus  allem  geht  her- 
vor,  dass  diese  Diluvialgebilde  ihre  Enstehung  einer  sehr 
allgemeinen  aber  unruhigen  WoAserbedeckuv^  verdanken.  Die 
Geschiebe,  der  Sand  under  der  sandige  Lehm,  im  Gerade  so 
ueber  der  Gegend  vertheilt,  wie  man  die  Vertheilung  durch 
ein  bewegtes,  ueber  einer  unebene  Flache  ausgebildetes  Meer, 
erwarten  kann.  Wo  Strommungen  waren,  wurde  alles  weg- 
gespiilt."  Writing  in  1872,  Jentzsch  describes  these  mounds 
at  some  length,  and  suggests  two  possible  causes  for  them. 
He  urges  they  are  remains  of  denuded  stretches  of  sand  beds. 
In  favour  of  this  he  claims  that  their  shape  points  to  their 
having  been  shaped  by  the  sea,  and  he  thus  explains  also 
the  presence  on  their  backs  of  the  northern  erratics.  The 
second  cause  to  which  he  inclines  is  that  they  represent 
ancient  dunes,  on  which  the  sand  has  accumulated  upon 
deposits  of  mud  left  by  the  retiring  sea  {J)ie  Quartar  der  Gegend 
von  Dresden f  pp.  9,  10). 

To  our  English  glacialists  these  mounds  represent  not 
dunes  or  diluvial  beds  as  they  did  to  the  earher  German 
explorer,  but  moraines,  and  I  will  quote  some  paragraphs 
about  them  from  Dr.  Geikie,  italicising  the  phrases  which 
to  me  seem  conclusive  admissions  that  they  are  quite  different 
to  any  true  moraines.  Thus  he  describes  what  he  calls  a 
remarkable  series  of  terminal  moraines  confined  to  the 
Baltic  coast,  and  marking  the  extent  of  the  upper  boulder- 
clay  glacier.  **  They  have  been  described  by  various  authors 
as  circling  round  the  southern  coast  of  Norway,  then  sweep- 
ing south-east  by  east  across  the  province  of  Gothland  in 
Sweden,  passing  through  the  lower  ends  of  Lakes  Wener  and 
Wetter,  while  similar  moraines  mark  the  terminal  front  of 
the  inland  ice  in  Finland."  Geikie  speaks  of  at  least  two 
parallel  frontal  moraines  passing  inland  from  Hango  Head 
on  the  Gulf  of  Finland.  These  terminal  moraines  have  been 
traced  north  as  far  as  Lake  Tuoppa  and  the  shores  of  the 
Gulf  Kantalahti  (White  Sea).  South  of  the  Baltic,  Geikie 
describes  the  Baltic  ridge  as  extending  from  east  to  west 
through  Eastern  Holstein,  Mecklenburg-Strelitz,  Uckermark, 
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Neumark,  Southern  Pomerania  and  the  higher  parts  of 
east  and  west  Prussia,  and  consisting  of  a  belt  of  land  on 
which  lakes  and  lakelets  are  abundantly  developed.  It  is  a 
true  paysage  morainique.  It  is  charSiCterised  by  an  irregular 
rolling  surface,  mounds,  hummocks  and  ridges  of  shingle, 
gravel  and  sand  often  associated  with  boulder  clay.  In  the 
depressions  enclosed  by  those  interosculating  and  irregularly 
distributed  hillocks  are  lakes,  bogs  and  marshes  innumerable. 
'*  The  deposits,"  says  Geikie,  "  are  recognised  by  the  German 
geologists  as  terminal  moraines."  He  goes  on,  however,  to 
speak  of  the  confused  bedding  of  the  hillocks  and  ridges,  of 
their  contortions  and  disturbances,  signs  consistent  only  with 
water  deposit. 

"  In  their  form,  grouping  and  structure  the  hummocks  and 
banks  of  gravel  and  sand  which  I  examined  in  Uckermark 
and  Mecklenburg,"  he  says,  "often  recalled  to  me  the  kames  of 
Scotland.'*  The  kames  of  Scotland  are  surely  unmistakable 
aqueous  deposits,  and  not  moraines. 

Geikie  then  goes  on  to  describe  certain  ridges  composed 
for  the  most  part  of  boulders,  "hence  German  geologists 
call  them  *  Geschiebe  walle  *  (boulder  walls).  Sand  and  clay, 
however,"  says  Geikie,  "are  not  infrequently  present,  and 
occasionally  the  whole  ridge  appears  to  consist  of  bedded 
gravel  and  sand  sprinkled  atop  with  erratics,'* 

These  are  surely  curious  moraines,  and  it  adds  to  the 
curiosity  of  their  being  described  as  such  when  we  are  told 
that  immediately  south  of  them  the  sand  and  gravel  are 
spread  out  in  wide  sheets,  and  not  heaped  into  hillocks  and 
ridges.  In  Finland  also  the  moraines  are  described  as 
sorted  and  made  up  in  places  of  water-worn  materials. 

The  so-called  Baltic  ridge  is  roughly  concentric  with  the 
southern  coast  of  the  Baltic,  and  is  separated  from  it  by  a 
band  of  low  land,  covered  chiefly  with  boulder  clay,  overlaid 
in  places  by  interrupted  sheets  of  sand  and  alluvium,  and 
traversed  here  and  there  by  well-marked  asar.  Geikie 
admits  that  water  has  played  an  important  rdle  in  the  for- 
mation of  these  deposits,  since  they  are  so  largely  composed 
of  sand  and  gravel.  "  In  certain  places  they  consist  of  hori- 
zontally disposed  beds  abruptly  truncated.  Thus  some  of  the 
rolling  hills  in  the  neighbourhood  of  Angermiinde  (Uckermark) 
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appeax  to  consist  largely  of  horizontally,  finely  laminated 
sand,  often  showing  diagonal  bedding.  Amongst  this  sand 
layers  of  clay  and  bands  of  gravel  and  now  and  again  stones 
and  large  blocks  occur,  many  of  which  are  more  or  less 
water-worn.  The  blocks  seem  to  be  more  abmidant  on 
the  tops  of  the  sand  hills.  These  water-arranged  deposits  not 
infrequently  inosculate  with  boulder  clay,  showing  both  were 
accumulated  side  by  side.**  Geikie  refers  to  the  confusion 
and  disturbances  the  bedded  deposits  sometimes  exhibit,  and 
he  actually  refers  to  the  so-called  morainic  mounds  as  the 
German  kames. 

The  modem  glacialists  among  German  geologists  in  order 
to  explain  the  drifts  of  their  country  are  constrained  to  argue 
that  their  great  ice-sheet  passed  over  the  Baltic  ridge  and 
flowed  south  to  the  valley  of  the  Elbe,  where  the  deposits  of 
boulder  clay  are  so  thick.  To  which  Mr.  Geikie  reasonably 
repUes  *'  that  the  advance  of  a  mer  de  glace  across  the  Baltic 
ridge  must  have  resulted  in  the  demolition  of  mounds  and 
hummocks  and  in  the  wholesale  redistribution  of  their 
materials  **.  This  is  quite  true,  but  it  leaves  unaccounted  for 
all  the  phenomena  of  this  very  wide  extra  morainic  fringe 
in  Germany  with  the  great  quantity  of  erratics  it  contains. 
The  so-called  upper  boulder  clay  of  Germany  and  Finland 
stretches  "far  beyond  the  limits  of  the  Baltic  ridge/'  and 
Geikie  says  "  that  the  Baltic  glacier,  which  deposited  it, 
must  have  greatly  exceeded  the  glacier  which  left  its  terminal 
moraines  in  South  Sweden,  East  Jutland,  and  the  Baltic 
provinces  of  Germany  and  Finland  **.  If  this  was  so,  where 
are  the  terminal  moraines  of  this  gigantic  ice-sheet  which  laid 
down  the  great  masses  of  boulder  clay  in  the  Elbe  valley, 
and  the  two  boulder  clays  said  to  exist  south  of  the  ridge  ? 

Let  me  now  quote  some  more  detached  statements  of  the 
same  most  ingenious  writer.  *'  It  may  well  be  doubted,**  says 
Geikie,  "  whether  the  superficial  debris  (in  Germany)  ever 
reached  the  terminal  front  of  the  ice-sheet  in  sufl5cient  bulk 
to  form  conspicuous  moraines.  It  seems  most  probable  that 
the  terminal  moraines  of  the  great  ice  would  consist  of  low 
banks  of  boulder  clay,  and  hillocks  and  hummocks  of  sand 
and  gravel  or  'kames,*  the  latter,  perhaps,  strongly  pre- 
dominating, and  containing  here  and  there  larger  and  smaller 
II.  28 
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angular  erraticB  which  had  travelled  on  the  surface  of  the 
ice.  .  .  .  The  extreme  Umits  reached  by  the  ice  are  deter- 
mined rather  by  the  occasional  presence  of  rock  striae  and 
rochet  moutcnnees  of  boulder  clay,  northern  erratics,  and  gravel 
and  sand,  of  northern  materials  in  sheets  or  in  mounds,  than 
by  recognisable  terminal  moraines  "  (Great  Ice  Age,  p.  437). 

Geikie,  as  a  partial  explanation  of  the  rarity  of  such 
moraines  says,  as  it  seems  to  me,  quite  arbitrarily :  "  It  is 
certain  that  the  whole  region  in  question  has  been  considerably 
modified  by  subsequent  denudation,  and  to  a  large  extent  is 
now  concealed  under  deposits  belonging  to  later  stages  of  the 
pleistocene  period"  {ibid.,  p.  437).  For  this  I  know  of  no 
evidence  whatever. 

He  himself  speaks  of  the  dove-tailing  and  interosculation 
of  boulder  clay  with  aqueous  deposits  in  North  Germany, 
thus  admitting  the  contemporaneousness  of  the  stratified  and 
unstratified  beds ;  and  also  speaks  of  the  ice,  which  he  makes 
jointly  with  water  the  cause  of  the  phenomena  as  having 
been  tunnelled  by  rapid  streams  and  rivers,  and  as  here  and 
there  arching  over  sub-glacial  lakes  {ibid,,  p.  435).  Sttb-glaciaZ 
lakes  surely  involves  another  advance  into  the  transcendental 
cloudland  of  modern  geology. 

Geikie  allows  the  existence  of  bedded  deposits  in  the  boulder 
clays  of  the  peripheral  region  of  North  Germany,  and  the  occa- 
sional silty  and  uncompressed  character  of  the  clays  them- 
selves. The  drift  in  Holstein,  Mecklenburg  and  Pomerania, 
which  is  of  a  depth  of  100  to  150  metres,  and  that  of  Hanover, 
Mark  Brandenburg  and  Saxony,  which  is  of  still  greater 
depth,  he  says  is  composed  of  water-formed  beds  {ibid.,  p.  434). 

The  beds  he  calls  aqueous  deposits,  i.e.,  the  stratified  beds, 
are  infrequent  where  the  boulder  clays  occur.  **  They  are 
either  wanting  or  only  occur  sporadically  in  thin  irregular 
beds  in  the  high  grounds  of  Northern  Europe  generally. 
Farther  south  they  acquire  more  importance,  until  in  the 
peripheral  regions  of  the  drift-covered  track  they  equal  and 
even  surpass  the  boulder  clays  in  prominence.  These  last 
presently  cease  to  appear,  and  the  whole  bulk  of  the  *  northern 
drift  formation,'  along  its  southern  margin,  appeajrs  to  consist 
of  aqueous  accumulations  alone  "  {ibid.,  p.  434).  This  seems 
to  point  to  the  clays  having,  by  their  greater  gravity,  been 
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deposited  first,  while  the  sands  were  carried  farther,  and  the 
loess  farther  still,  a  sorting  process  only  possible  with  water. 

It  woTild  seem,  therefore,  that  the  so-called  terminal 
moraines  of  North  Germany,  Uke  those  of  North  America, 
are  not  moraines  at  all,  but  are  what  the  old  masters  long 
ago  described  them — the  margins  of  some  widespread  move- 
ment of  water. 

We  will  now  leave  these  great  continental  areas  and  come 
home  to  onr  small  island.  Numerous  attempts  have  been 
made  to  discover  the  terminal  moraines  of  the  so-called 
Scandinavian  ice-sheet  which  is  supposed  to  have  invaded 
Eastern  England,  and  brought  thither  the  Scandinavian 
boulders  which  have  occurred  in  the  coast  districts  of  South 
Yorkshire,  of  Lincolnshire  and  North  Norfolk.  It  is  in 
the  first  place  remarkable  that  where  these  Scandinavian 
boulders  most  abound,  namely,  in  Lincolnshire,  there  are  the 
fewest  signs  of  anything  in  the  shape  of  mounds,  etc.,  which 
simulating  their  form  might  be  taken  for  moraines,  ahnost 
the  whole  surface  being  flat  and  smooth.  Mr.  Carvell 
Lewis  tries  to  explain  the  anomaly  in  a  characteristic  way. 
He  claims  that  the  drift  in  Lincolnshire  is  an  extra-morainic 
fringe,  and  that  the  far-travelled  erratics  (which,  by  the  way, 
are  all  very  much  rounded)  rode  on  the  top  or  on  the  upper 
layers  of  the  ice,  and  that  the  local  materials  were  below !  !  ! 
The  latter,  he  adds,  were  left  in  the  terminal  moraine  dropped 
in  the  sea  outside  of  Lincolnshire,  while  the  former  were 
carried  on  icebergs  which  stranded  here  with  their  freight. 
Smaller  icebergs,  freighted  with  small  boulders,  got  into  the 
estuaries  as  far  in,  for  instance,  as  Welton.  All  the  largest 
boulders  were  stranded  on  the  main  shore  at  Louth  (op.  ci7., 
pp.  234,  235).  How  there  could  be  icebergs  or  a  sea  to  float 
them  when  the  North  Sea  was  occupied  by  an  ice-sheet,  I 
do  not  know ;  nor  do  I  know  of  any  evidence  of  any  kind  in 
favour  of  the  conclusion  that  there  are  submerged  moraines 
or  anything  like  them  ofif  the  coast  of  Lincolnshire. 

Nor  are  the  Scandinavian  boulders  such  as  are  carried  on 
the  top  of  glaciers,  for  they  are  not  great  angular  erratics,  but 
small  and  very  much  rounded  or  kidney-shaped  boulders. 

In  regard  to  the  surface  beds  of  Lincolnshire,  Mr.  Lewis, 
again,  has  one  or  two  admissions  bearing  on  our  present 
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contention.  Speaking  of  the  Hessle  clay  about  Louth,  in 
Lincolnshire,  he  says  '*  it  is  an  aqueous  clay  "  ;  and  he  adds, 
^*  no  moraine  mounds,  nor  trace  of  moraine  character,  are  seen 
in  this  clay  ".  Of  the  mounds  at  Withgall,  made  up  of  de- 
composed and  fragmentary  chalk,  he  says  :  "  Here,  then,  the 
chalky  boulder  clay  has  its  origin,  being  here  made  altogether 
of  chalk,  clay  being  absent.  Is  it  not  due  to  torrents  of  water 
rushing  westwards  and  hearing  cakes  of  ice?** 

Speaking  of  a  flint  gravel  thirty  feet  deep  at  Welton,  he 
says :  '*  It  is  marked  by  layers  of  clay  and  sand  as  if  marine/' 
and  asks  if  **  it  is  not  due  to  the  bursting  of  a  marginal  lake," 
adding,  **  this  is  the  focus  of  the  district  where  the  Scandi- 
navian boulders  most  abound  *\ 

"Above  Louth,"  says  Lewis,  "  is  a  very  low,  flat  ridge  of 
local  character.  ...  It  has  none  of  the  characters  of  a 
moraine,  but  has  the  shape  of  a  sub-aqueous  bar  or  mud 
bank.     It  is  not  over  twenty  feet  high  at  the  highest  part." 

Let  us  now  turn  to  Yorkshire,  where  the  chief  proofs  of 
the  existence  of  terminal  moraines  to  the  great  Scandinavian 
ice-sheet  are  said  to  be  forthcoming. 

I  have  already  quoted  some  examples  of  the  rough-and- 
ready  way  in  which  Buckland  and  other  early  devotees  of  the 
glacial  nightmare  discriminated  their  moraines,  and  misled 
everybody  accordingly.  The  same  methods  are  not  yet  ex- 
tinct. Thus  Mr.  Carvell  Lewis,  who  ought  to  have  known 
better,  often  speaks  of  "moraines made  of  stratified  materials". 
On  page  463  of  his  well-known  book  he  describes  such 
moraines  as  having  "existed  in  valleys  far  from  modern  glaciers 
in  low  ground  where  water  freely  plays,  or  in  an  angle  be- 
tween two  glaciers  where  water  plays,  made  purely  by  water  ". 
The  italics  are  his  own.  Moraines  ma.de  purely  by  water  are 
surely  very  curious  ice-products,  and  I  do  not  propose  to  con- 
test their  existence  in  Yorkshire. 

The  acute  observer  just  quoted,  who  is  a  great  authority 
among  the  ultra-glaciahsts,  has  examined  this  district  with 
some  care,  and  I  will  quote  some  of  his  conclusions.  Of  the 
neighbourhood  of  Driffield  he  says:  **The  drift  is  clearly 
aqueous  and  iceberg  made.  No  two  parallel  sections,  even  if 
but  a  few  yards  apart,  would  show  the  same  appearance  in 
the  arrangement  of  the  beds.     Large  foreign  boulders  and 
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gravel  also  occur  zUmdiAng  on  end,  or  nearly  so.  A  dove-tailing 
of  clays  is  universal.  The  mounds  of  clay  are  not  moraines, 
but  have  been  dropped  by  icebergs  "  (Glacial  Geology  of  Great 
Britain,  p.  177).  Of  the  country  nearer  the  coast,  he  says,  **  at 
Gristhorpe  are  hummocks  and  ridges  of  boulder  clay  of  rather 
morainic  aspect " ;  but  he  adds,  "  the  mounds  are  rounded  as  if 
either  made  in  water  or  subsequently  submerged"  {ibid.,  p.  206). 
"  A  range  of  drift  hunmiocks  runs  from  Buckton  to  Speelton 
which  are  sandy  and  gravelly.  Similar  sandy  hunmiocks 
occur  farther  down,  in  the  middle  of  Holderness,  where  at  a 
low  elevation  (less  than  fifty  feet  above  the  sea)  shells  and 
shell  fragments  occur  in  them  showing  that  if  it  is  a  moraine, 
it  was  made  imder  water*'  {ibid.,  p.  209).  Of  the  so-called 
moraine  at  Flamborough  Head  he  says:  ''These  moraine 
mounds  have  been  opened  for  tumuli,  so  regular  is  their  shape. 
.  .  .  They  are  made  of  angular  gravel,  the  sandy  layers  being 
more  or  less  horizontal,  as  if  made  by  marginal  waters.  The 
boulders  are  not  water-worn,  but  are  shaken  and  shuf9ed  and 
avalanched  and  roughly  used  by  water  and  ice  so  that  the 
striae  are  more  or  less  worn  off  suddenly.  At  another  part  of 
Flamborough  Head  .  .  .  the  drift  is  rudely  and  horizontally 
stratified,  as  if  by  water  fringing  the  ice-sheet.  .  .  .  From 
Barmston  southwards  through  Holderness  the  moraine  hills 
are  sandy  and  contain  marine  shells.  .  .  .  Beacon  Hill  is  a 
sharp  hunmiock.  .  .  .  This  hill  of  drift  is  finely  exposed  on 
the  sea  cliff,  and  is  seen  to  be  sandy,  grayelly  and  stratified 
within,  the  boulder  clay  being  on  the  top.  .  .  .  Alternations  of 
coarse  gravel  and  sand  occur,  and  it  is  especially  sandy  towards 
the  bottom."  Speaking  of  purple  boulder  clay  in  the  district 
just  south  of  Bridlington  Quay,  Lewis  says  :  ''  This  clay  looks 
water-made  here,  not  glacial,  being  in  great  part  stratified 
with  chalky  bands ;  the  loess  lies  on  it  in  great  sweeps.  .  .  . 
Good  cross-bedding  is  seen  in  the  loess  and  alternations  of 
gravel,  also  fine  ripple  marks."  In  speaking  of  a  laminated 
clay  in  the  boulder  clay  here,  Mr.  Lamplugh  says :  "It  looks 
as  if  deposited  in  open  water  of  no  great  depth,  with  no  ice  ex- 
cepting light  floes  ".  Lewis  argues  that  one-half  of  Holderness 
is  glaciated  and  the  other  is  not,  the  two  being  separated  by 
heaped-up  terminal  accumulations  of  drift  running  the  whole 
length  of  the  region  in  a  crescentic  curve.    These  he  seems 
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to  treat  as  moraines,  though  he  speaks  of  one  of  the  principal 
drift  hills,  ie.,  Eelsey  Hill,  as  containing  unmoved  estuarine 
sands  filled  with  unbroken  shells.  He  elsewhere  speaks  of 
the  Hessle  clay  in  Eelsey  Hill  as  '*  an  aqueous  clay,  and  as 
clearly  not  till,  but  a  deposit  made  in  water,  below  which 
is  red  Philadelphia  gravel  interlaminated  vnth  and  undu- 
lated by  sandy  layers  '' ;  and  he  adds  in  italics,  *'  Kelsey  Hill 
was  formed  in  water  *\  Crache  Hill,  south  of  Garton  Station,  he 
calls  an  interesting  sea-beach,  and  the  sand  of  which  it  is  made 
a  true  sea-sand,  which  shows  successive  waves  or  tides  in 
streaks  of  coarse  and  fine,  dipping  seaward,  and  underlaid  by 
coarser  gravel,  the  whole  often  false-bedded,  and  containing 
rolled  clay  boulders.  Speaking  of  a  mound  of  drift  near 
Oulston,  Lewis  says  it  is  a  rudely  stratified  mass  of  coarse 
gravel  and  boulders  which  is  quite  clayey,  but  has  sandy 
streaks.  He  accordingly  calls  it  a  mass  of  re-sorted  moraine 
material  of  the  so-called  Allerton  Park  moraine,  which  he 
says  was  the  medial  moraine  between  the  Wensleydale  glacier 
on  the  west  and  the  Stainmoor  glacier  on  the  east.  He  says, 
further,  there  is  a  good  exposure  at  Hopperton.  "  TT^e  mass,'* 
he  says,  "  is  here  rudely  stratified,  and  it  is  a  water-washed  moraine 
stuff.  The  clay  is  in  large  part  washed  out,  and  the  stones  have  for 
the  most  part  lost  their  striations.  It  is  much  like  the  moraine 
at  Oulston.  There  are,"  he  adds,  '*  low,  flattened  gravel  hills 
at  Goldsburgh,  but  these  appear  to  be  merely  gravel  streams 
washed  south  from  the  moraine  by  glacial  floods.  .  .  .  The 
deposit  of  clayey  drift  at  Harrogate  is  not  heaped  up  like  a 
moraine  and  may  belong  to  the  Fringe."  Lewis  speaks  of  a 
so-called  moraine  in  Studley  Park  as  being  '*  marginal  kames 
draining  the  moraine  inwarc^s  *\  What  this  may  mean  I  leave 
to  cleverer  people  than  I  am  to  explain.  Bingley,  Lewis 
describes  as  built  on  a  moraine,  a  ridge  of  drift  crossing  the 
valley  like  a  great  dam.  *'  North  of  Bingley,"  he  says,  **  are 
mounds  of  stratified  dhft,  a  frequent  occurrence  at  the  back  of 
the  terminal  moraine."  At  the  back  it  will  be  noted,  and  not 
in  front  of  it.     How  this  could  be  I  do  not  know. 

Surely  it  is  time  to  get  away  from  this  contemporary  playing 
at  science  to  the  more  logical  methods  of  the  old  masters. 
"  Among  the  peculiarities,"  says  Phillips,  speaking  of  these 
Yorkshire  mounds,  "  may  be  reckoned  the  irregular  mounds 
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of  gravel  and  sand,  which  denote  the  ancient  action  of  sea- 
currents,  for  all  Holdemess  was  a  sea-bed  in  '  the  glacial ' 
period."  Of  these  mounds  he  proceeds  to  describe  the  famous 
one  at  Brandsbarton,  which  in  Norway,  he  says,  would  be 
called  an  "  as  "  and  in  Ireland  an  **  escar  **  (i?tver«,  MountcwM 
and  Sea  Coast  of  Yorkshire,  p.  124). 

This  completes  my  survey  of  the  chief  external  and  internal 
features  of  the  drift  deposits  in  so  far  as  they  throw  light  upon 
and  are  a  test  of  their  having  been  produced  and  laid  down 
by  ice  or  by  water ;  and  it  seems  to  me  that  it  is  impossible, 
when  the  details  are  actually  sifted  and  analysed,  and  a  really 
inductive  method  is  applied  to  them,  to  come  to  any  other 
conclusion  than  that  the  glacialists  have  deluded  themselves 
by  relying  on  very  superficial  and  flimsy  tests  and  criteria, 
and  by  altogether  ignoring  the  great  mass  of  difficulties 
which  their  theory,  when  thus  tested,  involves,  and  that  both 
the  external  and  the  internal  features  of  the  drift  deposits 
are  quite  inconsistent  with  their  being  products  of  ice,  as  we 
know  it  in  nature  anywhere. 

Note. — I  mentioned  in  describing  the  asar  or  eskers  their 
absence  from  the  Arctic  regions.  Chamberlin,  speaking  of 
Greenland,  says  :  "  No  eskers  or  kames  were  seen  in  process 
of  formation  except  in  miniature  type  .  .  .  nothing  distinct 
or  typical  (of  eskers)  was  seen  ...  so  also  in  regard  to  the 
kames  ".  The  fact  seemed  to  greatly  embarrass  Chamber b'n. 
Again,  he  says :  "  No  drumlins  were  seen  in  process  of  forma- 
tion, nor  were  any  seen  in  the  abandoned  territory  unless  we 
force  interpretation  in  some  doubtful  cases"  (see  "Kecent 
Glacial  Studies  in  Greenland,"  Bull.  Geol,  Soc.  America,  vol. 
vi.,  215-216). 
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CHAPTER  XVII. 

THE  ARCTIC  REGIONS  IN  SO-CALLED  GLACIAL  TIMES. 

These  are 
The  palaces  of  Nature,  whose  vast  walls 

Have  pinnacled  in  clouds  their  snowj  scalps, 
And  throned  Eternity  in  icy  haUs 

Of  cold  sublimity.  — Bybon. 

In  my  previous  work  on  the  glacial  nightmare  {Glacial  Night- 
mare,  pp.  510,  611),  and  also  in  an  earUer  part  of  this  work 
(vol.  i.,  p.  199),  I  have  collected  the  evidence  which  goes  to 
show  that  the  traces  of  so-called  glacial  action  in  the  northern 
hemisphere  instead  of  being  circumpolar,  are,  in  fact,  limited 
to  one-half  only  of  the  hemisphere,  namely,  to  that  bounded 
roughly  on  the  east  by  the  White  Sea  and  on  the  west  by 
the  river  Mackenzie. 

This  does  not,  however,  exhaust  the  matter,  and  I  have 
further  ventured  to  suggest  {Glacial  Nightmare,  pp.  453-457) 
that  while  North-Eastem  America  on  the  one  hand,  and 
Scandinavia,  Finland,  North  Eussia,  North  G  ermany,  Holland 
and  Britain  on  the  other,  offer  abundant  evidence  of  the  kind 
which  is  supposed  to  necessitate  the  hypothesis  of  a  glacial 
period,  there  is  no  such  evidence  forthcoming  from  the  other 
lands  within  the  Arctic  circle,  and  notably  from  Greenland, 
Spitzbergen  and  Iceland ;  and  that  it  would  appear,  in  fact, 
that  these  lands  during  the  so-called  glacial  age,  far  from 
having  been  smothered  in  ice  and  snow,  enjoyed  much  more 
temperate  conditions  than  they  do  now. 

I  now  propose  to  examine  this  important  matter  at  some- 
what greater  length.  Before  turning  to  the  supposed  evidence 
of  former  extensive  glaciation  in  high  latitudes,  I  wish  first  to 
make  some  observations  of  an  a  priori  character  which  I  think 
pertinent.     The  initial  question  necessary  to  the  solution  of 
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this  problem  is  one  Which  has  seldom  or  never  been  actually 
faced.  Why  is  it  that  the  regions  round  the  two  poles  are  so 
shrouded  in  perpetual  inland  snow  and  ice  ?  The  answer  that 
would  occur  to  most  people  doubtless  is  that  thes6  regions  are 
more  or  less  permanently  ice-bound  because  of  their  high 
latitude  and  the  consequently  long  winters  which  prevail 
there,  and  that  their  condition  is  due  to  meteorological  causes 
operating  directly  upon  them,  such  as  the  alternation  of  heavy 
winter  snowfalls  and  succeeding  cool  summers.  Hence  the 
difficulty  in  many  minds  of  understanding  how  in  former 
times  the  two  polar  areas  should  have  had  a  fairly  temperate 
climate,  as  the  geological  evidence  clearly  shows  was  the  case. 
I  altogether  contest  this  view.  It  seems  to  me  that  the 
summer  heat  falling  upon  the  two  polar  areas  is  now,  and 
must  always  have  been,  quite  sufficient  to  dissipate  the  effects 
of  the  previous  winter's  cold  but  for  one  fact,  and  this  fact 
is  the  dominating  one  in  Arctic  geology.  The  fact  in  question 
is  the  existence  of  great  masses  of  high  land  in  both  of  the 
polar  zones.  GroU,  among,  the  other  fantastic  and  subjective 
conclusions  which  he  was  continually  urging,  argued  that  the 
polar  lands  are  flat  plains  upon  which  rest  enormous  ice-sheets 
of  great  depth  and  bulk.  No  conclusion  could  be  more  hapless 
and  contrary  to  the  facts.  The  vast  continent  of  Greenland  is 
1,200  miles  long  and  500  miles  wide,  and  is,  as  all  the  evidence 
shows,  a  high  plateau  tenninating  in  scarped  clife  aU  round, 
which  cliffs  are  cleft  by  great  ravines  called  fiords,  through 
which  the  ice  which  collects  on  its  broad  back  in  a  vast  mound 
pours  into  the  sea  in  the  form  of  fleets  of  icebergs.  The 
southern  continent,  so  far  as  we  know,  is  the  sama  Let  us 
shortly  turn  to  the  actual  evidence  on  the  point.  This,  in 
regard  to  Greenland,  I  have  given  at  considerable  length  in 
my  Glacial  Nightmare  (pp.  668-673).  I  will  now  merely  supple- 
ment what  I  then  said. 

Keclus  describes  the  contour  of  Greenland  very  clearly. 
He  says:  "The  detailed  study  of  the  west  coast,  which  is 
free  from  ice  for  a  considerable  distance,  makes  it  sufficiently 
evident  that  Greenland  proper  forms  a  continuous  mass  of 
land.  The  existence  of  coast  ranges,  whose  crests  are  seen 
towering  above  the  ice  in  regular  lines,  the  homogeneous  char- 
acter of  the  rocks  examined  in  various  parts  of  the  country, 
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the  form  of  the  inlets  along  the  sea-board,  the  general  dispo- 
sition of  mountains  and  plateaux,  all  impart  to  Greenland 
an  aspect  greatly  resembling  that  of  Scandinavia.  In  both 
regions  the  contours  are  the  same,  and  they  would  present 
an  analogous  appearance  were  the  western  land  disencumbered 
of  its  icy  fetters.  As  in  Norway,  the  coast  line  is  fringed  with 
ramifying  peninsulas  continued  seawards  by  islets  and  little 
archipelagoes,  and  there  are  lands  which  with  the  advance 
and  retreat  of  the  glaciers  may  alternately  be  attached  and 
separated  from  the  mainland. 

'*  Throughout  their  whole  length  the  coastlands  are  moun- 
tainous and  of  forbidding  aspect.  Even  the  southernmost 
point  at  the  extremity  of  an  archipelago  is  a  gloomy  moun- 
tain, the  Eangak  Eyrdlek  or  Umanarsuak  of  the  natives,  to 
which  the  English  seafarers  have  given  the  name  of  Cape 
Farewell,  and  which  the  Scandinavians  call  Statenhuk. 
North  of  this  headland  the  west  coast  is  dominated  by  long 
serrated  ranges  with  crests  *  sharp  as  shark's  teeth '.  The 
mean  altitude  of  these  crests  scarcely  exceeds  1,600  feet,  but 
in  the  interior  of  the  southern  point  the  peaks  attain  an 
elevation  of  over  7,600  feet.  The  inhabited  regions  in  Danish 
territory  have  summits  exceeding  3,000,  and  in  some  places 
even  4,000  and  5,000  feet,  but  north  of  the  polar  circle  the 
mountains  are  less  elevated  in  the  region  of  deep  fiords 
stretching  north  of  Disko  Bay.  Here  the  sea-board  rises  in 
gentle  slopes  towards  the  ice-fields  of  the  interior.  But  the 
rug|^ed  island  of  Disko  itself,  the  largest  on  the  west  coast, 
presents  crests  and  domes  rising  above  3,300  feet.  Still 
farther  north  the  peninsula  of  Nursoak  has  sunmiits  of  6,000 
feet,  while  the  peaks  of  gneiss  on  the  neighbouring  mainland 
rise  to  heights  of  6,500  feet  and  upwards.  Beyond  this  point 
the  coast  range  falls,  although  the  gaze  of  mariners  is  here 
attracted  by  the  excentric  form  of  the  *  Devil's  Thumb,*  a 
lofty  eminence  terminating  in  a  sort  of  obelisk.  According 
to  Kane,  the  Arctic  Highlands  north  of  Melville  Bay  nowhere 
exceed  2,000  feet ;  on  the  east  side  of  South  Channel,  Hayes 
ascended  a  peak  4,170  feet  high,  and  Nares  attributed  a 
height  of  6,000  feet  to  a  summit  in  Washington  Land,  the 
peninsula  skirting  the  east  side  of  Kennedy  Channel. 

'*  The  east  side  of  Greenland,  indented  like  the  west  with 
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fiords  and  fringed  with  islands,  is  the  loftier  and  more  pre-^ 
cipitous  of  the  two,  and  here  rises  the  highest  mountain 
hitherto  discovered.  In  1870  the  German  expedition  under 
Koldewey  penetrated  into  an  unknown  fiord,  the  mouth  of 
which  was  masked  by  over  a  hundred  icebergs.  This  long 
and  winding  inlet,  which  was  named  the  Franz-Joseph  Fiord, 
is  dominated  by  steep  escarpments  from  6,000  to  7,000  feet 
high,  and  consists  of  horizontal  layers  interspersed  with 
quartz,  schists  and  limestone.  Towards  its  western  ex- 
tremity in  the  interior  of  the  continent  the  pyramidal  masa 
named  Mount  Petermann  rises,  according  to  Payer,  to  an 
altitude  of  at  least  11,000  feet.  Other  summits  of  like  eleva- 
tion probably  occur  elsewhere,  for  the  explorers  have  already 
observed  domes  10,000  feet  high  in  the  southern  regions, 
where  Greenland  is  much  more  contracted  than  in  higher 
latitudes.  The  backbone  or  water-parting  between  the  two 
slopes,  placed  by  Nordenskiold  near  the  west  coast,  is  by 
£ink  and  most  other  authorities  removed  to  the  opposite 
side,  presenting  its  more  precipitous  slope  towards  the 
Atlantic.  Most  of  the  uplands  denuded  by  the  melting 
snows  or  retreating  glaciers  consist  of  crystalline  rocks,  such 
as  gneiss,  granites  and  porphyries.  .  .  .  Near  Godhavn  in 
Disko  Island  a  basalt  escarpment  rises  nearly  vertically  to  a 
height  of  2,000  feet,  and  above  is  seen  the  bluish  section  of 
a  glacier,  overhanging  the  precipice.'* 

Jensen  mentions  a  solid  rock,  one  of  the  nunatakker,  where 
he  found  a  solitary  bird  which  was  4,400  feet  above  the  level 
of  the  sea  and  about  twenty-four  miles  in  the  interior  of  the 
ice-field. 

Peary  speaks  of  the  district  on  the  plateau  near  the  end  of 
his  journey  in  North  Greenland  as  the  crest  of  a  range  of 
rock-strewn  mountains  parallel  to  the  great  glacier  to  the 
east,  a  region  of  utter  barrenness.  The  surface  was  covered  by 
small  angular  stones  compressed  and  half-cemented  together 
on  which  were  strewn  larger  loose  fragments  singly,  in  piles- 
and  in  long  moraines. 

At  length  when  twenty-six  miles  from  **  Moraine  Camp," 
says  the  same  writer,  "after  climbing  over  a  rugged  slope,  over 
rugged  rocks  and  through  drifts  of  heavy  wet  snow  we  reached 
the  summit,  and  a  few  steps  more  and  the  rocky  plateau  on 
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which  we  stood  dropped  in  a  giant  iron  wall  that  would  give 
the  Inferno  3,800  feet  to  the  level  of  the  bay  below  us.  We 
stood  upon  the  north-east  coast  of  Greenland,  and  looking 
far  off  over  the  surface  of  a  mighty  glacier  on  our  right  and 
through  the  broad  wide  mouth  of  the  bay  we  saw  stretching 
away  to  the  horizon  the  great  ice-fields  of  the  Arctic  Ocean. 
,  .  .  Our  observation  point  was  a  giant  cliff,  almost  vertical, 
overlooking  the  bay.  .  .  .  We  could  see  beyond  the  thousand 
red  boulders  in  the  foreground,  and  through  a  depression  in 
the  hills  the  middle  course  of  the  broad  ice  river  glistening 
in  the  sun.  Across  the  glacier  bounding  the  fiord  on  the 
east  rose  a  long  line  of  precipitous  cliffs,  higher  even  than 
the  one  on  which  we  stood,  and  projecting  several  miles  out 
into  the  bay.  They  rose  4,000  or  more  feet  in  sheer  height 
above  the  glacier,  and  terminated  in  a  grim  promontory 
sloping  steeply  to  the  water.  On  their  huge  shoulders  these 
wild  cliffis  supported  a  great  projecting  tongue  of  the  inland 
ice.  Some  fifteen  miles  north-east  these  cliffs  ended  in  a 
bold  cape,  which  I  named  Glacier  Cape." 

Later  on  he  describes  a  boat  journey  in  Inglefield  Gulf, 
the  largest  of  Greenland  inlets.  He  started  from  Bed  Cliffy 
rounded  Cape  Cleveland,  **  a  typical  bastion  headland,"  free 
of  snow,  and  passed  the  shores  of  Bed  Cliff  peninsula,  and 
a  succession  of  deltas  between  the  glaciers.  ''  At  the  back 
of  these  deltas  and  a  low  foreshore,  which  connects  them, 
run  a  series  of  rather  rolling  summits  down  the  ravines, 
between  which  protrude  hanging  glaciers,  tongues  of  the 
Central  Ice  Cap."  Peary  speaks  of  the  warmth  of  colouring 
of  the  shores,  barren  though  they  were,  and  gives  figures  of 
high  ground,  with  steep  and  precipitous  sides,  quite  free  from 
snow.  East  of  Karnat  he  speaks  of  a  line  of  majestic  sand- 
stone cliffs  rising  sheer  from  the  water.  *'  These  cliffs,"  he 
says,  ''  were  of  striking  boldness,"  and  he  speaks  of  "  creeping 
along  under  the  mighty  ramparts,  in  one  place  a  Titan  watch- 
tower,  in  another  a  giant  amphitheatre,  here  a  niche  there  a 
bastion,  and  between  them  and  over  them  grouped  rows  of 
pinnacles,  and  the  Esquimaux  call  them  the  Statue  Cliffs. 
Silver  threads  of  cascades  fall  down  the  cliffs  in  places." 
He  gives  a  figure  of  one  of  the  Titan  watch-towers.  "  There 
we  saw  several  reindeer.      The  water  in  the  bay  is  almost 
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as  red  as  spilled  blood,  from  the  fine  red  sandstone  silt 
brought  down  by  the  sub-glacial  streams.  ...  At  the 
farthest  angle  at  the  head  of  the  fiord  was  a  huge  moraine 
thrown  up  by  a  glacier,  the  edge  of  which  appeared  over  its 
top.  Beyond  that  was  an  isolated  mountain  of  striking 
boldness  and  sharpness  of  outline  some  2,000  feet  high." 
Close  by  he  saw  many  white  whales  puffing,  and  he  speaks  of 
a  tiny  valley  under  the  shadow  of  a  vertical-faced  mountain. 
Flowers  and  grass  were  abundant  there.  After  passing  East 
Glacier  there  were  a  mass  of  warm  red-brown  cliffs,  in  which 
bastions,  towers  and  ramparts  were  so  strikingly  Uke  some 
mediaeval  strongholds  that  he  called  the  rocks  Castle  CUffs. 
Then  came  Hubbard  Glacier,  then  gneissose  precipices,  and 
farther  on  was  a  gulf  surrounded  by  glistening  glaciers 
separated  by  wild  and  towering  mountains.  He  speaks  of 
the  striking  peaks  Mounts  Adams,  Daly  and  Putnam.  Ta 
the  east  was  a  striking  precipitous  island  whose  cliffs  he 
scaled  for  1,500  feet,  and  from  the  top  saw  the  glacier  face 
interrupted  by  several  precipitous-walled,  flat-topped,  iso- 
lated mountains  or  nvmaiak^  as  the  natives  call  them,  and 
above  them  the  slope  of  the  Great  Ice.  In  this  bay  they 
found  a  school  of  narwhals.  He  speaks  of  ''the  orient 
chffi3  of  an  island  in  the  gulf  as  a  mass  of  rich  brown 
colour.  Scattered  over  its  summit  were  numerous  great 
erratics.  .  .  .  Beyond  the  Leidy  Glacier  the  mighty  stream 
of  the  glacier  flowed  down  between  rugged  nunaiak^  from 
the  heart  of  the  Great  Ice.  The  water  was  Uke  ink." 
Peary  met  a  small  settlement  of  Eskimos  on  this  island ; 
they  used  bows  and  arrows.  The  place  is  on  the  confines  of 
the  great  deer  pastures  of  the  district.  He  speaks  of  the 
inmieasurable  yawning  crevasses  on  Froe  Glacier  valley, 
and  gives  a  very  good  photograph  of  **  the  Giant  of  Atane- 
kerdluk,"  a  weathered  pinnacle  of  a  trap  dyke. 

In  cUmbing  up  on  to  the  Great  Ice,  Peary  was  much  troubled 
by  the  deep  crevasses  he  had  to  outflank,  some  50  to  100  feet 
wide,  which  prove  so  clearly  the  broken  ground  on  which  the 
ice  is  planted.  In  going  back  he  crossed  the  head  of  a  fiord 
which  he  thus  describes.  ''  Dark  brown  and  red  cliffs  looked 
down  into  a  grand  vertical- walled  cafion,  reaching  up  towards 
our  camp,  and  everywhere,  north-west,  north  and  east,  black 
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and  dark  red  precipices,  deep  valleys,  mountains  capped  with 
snow,  shadowed  domes  of  ice  stretched  away  in  a  wild  pano- 
rama. .  .  .  Always  as  I  advanced  the  mountains  of  the  shore 
grew  into  view  before  me,  and  on  the  1st  of  July  a  wide  open- 
ing, bounded  on  either  side  by  high  vertical  cliffs,  showed 
up  to  the  north-east  over  the  summits  inmiediately  adjacent 
to  the  Inland  Ice/'  He  was  then  about  5,000  feet  above  sea- 
level.  He  went  straight  for  the  red-brown  mountains,  and 
speaks  of  *'  clsunbering  upon  the  confused  rocks  of  a  moraine 
4,000  feet  above  the  sea".  Peary  then  speaks  of  setting 
off  to  climb  a  summit  some  five  miles  from  the  edge  of  the  ice. 

Northumberland  Island  on  Inglefield  Inlet  he  describes  as 
a  part  of  the  same  dark  granite  formation  that  walls  Bobert- 
son  Bay  "  in  towering  grandeur,"  while  Herbert  Island  is  a 
part  of  the  same  crumbling  disintegrating  sandstone  which 
reaches  from  Cape  Cleveland  to  Bowdoin  Bay  in  Murchison 
Sound. 

Near  Academy  Bay  he  speaks  of  an  island  so  like  the 
Matterhorn  in  contour  that  he  called  it  the  Little  Matterhorn, 
and  says  his  objective  was  one  of  the  rocky  islands,  half -buried 
on  the  face  of  the  glacier,  destined  probably  to  become  a 
nunaXdk. 

Speaking  of  a  mighty  ice  stream,  the  Heilpron  Glacier, 
larger  than  the  Jacobshavn,  Tossukatek  or  great  Kariak 
glaciers,  he  describes  it  as  having  been  deflected  to  the  north- 
west by  an  archipelago  of  small  islands,  so  that  practically  its 
entire  outflow  is  north  of  the  islands,  and  between  them  and 
the  Smithson  Mountains. 

"The  term  'inland  ice,'"  says  Peary,  "suggests  to  the 
majority  of  persons  erroneous  ideas.  The  surface  is  not  ice, 
but  a  compacted  snow.  Elevated  as  the  entire  interior  is  to  a 
height  of  4,000  to  9,000  feet  above  the  sea-level,  mountains 
of  the  coast  visible  to  the  sailor  sixty  to  eighty  miles  dis- 
appear beneath  the  landward  convexity  of  the  ice-cap  when 
the  traveller  has  penetrated  fifteen  or  twenty  miles  into  the 
interior,  and  he  may  travel  for  days  and  weeks  without  a 
break  in  the  continuity  of  the  sharp  steel-blue  line  of  the 
horizon"  (Intr.,  p.  Ixvii.). 

" The  coast  of  Greenland,"  again  says  Peary,  "is  bold  and 
mountainous,  cut  by  numerous  deep  fiords  and  protected  by  an 
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advance  guard  of  outlying  rocky  islands.  Some  of  these  fiords 
extend  inland  a  distance  of  sixty  to  eighty  miles.  .  .  .  All  there 
is  of  land,  as  we  understand  the  term  in  Greenland,  is  a  ribbon 
five  to  twenty-five  (and  in  one  or  two  places  nearly  to  eighty) 
miles  in  width,  along  the  coast,  made  up  of  mountains  and 
valleys  and  deep  branching  fiords  .  .  .  supporting  like  a 
Titan  dome  the  great  ice-cap,  beneath  which  the  interior  of 
the  country  lies  buried.  .  .  .  Here  the  accumulated  snow  pre- 
cipitation of  centuries,  in  a  latitude  and  altitude  where  it  is 
practically  correct  to  say  that  it  never  rains  and  the  snow 
does  not  melt  even  in  the  long  summer  day,  has  gradually 
filled  all  the  valleys  of  the  interior  until  it  has  levelled  them 
even  with  the  mountain  summits,  and  still  filling  higher 
through  the  centuries  has  at  last  buried  the  highest  of  these 
mountain  summits  hundreds  and  even  thousands  of  feet  deep 
in  snow. 

**  The  interior  of  Greenland  to-day  is  simply  an  elevated 
unbroken  plateau  of  snow,  hf ted  from  5,000  to  8,000  and  even 
10,000  feet  above  the  level  of  the  sea ;  a  huge  white  glistening 
shield  some  1,200  miles  in  length  and  500  miles  in  width, 
resting  on  the  supporting  mountains.  .  .  .  On  this  frozen 
Sahara  of  inner  Greenland  occurs  no  form  of  hfe,  animal  or 
vegetable ;  no  fragment  of  rock,  no  grain  of  sand  is  visible. 
The  traveller  across  its  frozen  waste,  travelling,  as  I  have, 
week  after  week,  sees  outside  of  himself  and  his  own  party 
but  three  things  in  all  the  world,  namely,  the  infinite  expanse 
of  the  frozen  plain,  the  infinite  dome  of  the  cold  blue  sky, 
and  the  cold  white  snow — nothing  but  these  "  (Jnir,^  pp.  xxxii., 
xxxiii.). 

This  view  is  also  pressed  by  two  excellent  geologists, 
Garwood  and  Giregory.  In  reply  to  those  who  argue  that 
although  it  is  now  perfectly  plain  that  Greenland  is  girdled 
round  with  high  cliflfs  and  mountains,  yet  will  have  it  that 
inasmuch  as  no  rocks  project  above  the  Central  Ice  when  one 
has  advanced  more  than  a  certain  distance  from  the  coast, 
therefore  the  interior  is  like  that  of  a  hollow  cup  or  basin, 
they  say : — 

"  In  the  case  of  Greenland  a  great  upward  movement  of  ice 
is  often  assumed,  on  the  ground  that  ice  formed  in  the 
interior  has  to  climb  over  a  marginal  mountain-chain.     Thus 
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Prof.  Crosby  ('Englacial  Drift/  Amer,  Qeol.,  xvii.,  p.  225) 
tells  as  that  it  is  the  general  belief  of  geologists  that  if 
Greenland  were  divested  of  its  ice-cap  it  would  exhibit  con- 
tinental relief-elevated  margins  and  a  depressed  interior. 
This  view  of  the  geographical  stmcture  of  Greenland  appears 
improbable.  Geologically,  Greenland  is  very  similar  to  Spitz- 
bergen.  It  very  likely  consists  of  a  high  plateau  of  sedi- 
mentary deposits  supported  on  a  great  block  of  archsaan  rocks, 
which  are  exposed  round  the  margins.  The  hypothesis  that 
there  is  a  great  depression  in  Central  Greenland  is  not  one 
upon  which  it  is  safe  to  base  an  argument "  {Quart  Joum,  OeoL 
Soc.,  xlvii.,  p.  219). 

This  will  more  than  suffice  to  show  how  completely  fan- 
tastic Croll's  idea  was  as  a  description  of  what  Greenland 
really  is.  It  is  in  part  a  high  plateau  of  continental  dimen- 
sions covered  with  snow.  Nor  is  it  the  only  high  land  in 
the  Arctic  circle. 

**  Spitzbergen  derives  its  name  from  the  pointed  peaks  seen 
while  coasting  its  western  side.  The  mountains  there  rise 
steeply  from  the  beach  to  a  very  considerable  height  Bound 
Smeerenberg  (Oily  Hill)  Harbour  many  of  them  exceed 
2,000  feet  in  height.  The  DeviFs  Thumb  on  Charles  Island 
is  calculated  by  Dr.  Scoresby  to  rise  1,500  or  2,000  feet,  and 
Horn  Mount,  in  the  harbour  of  the  same  name,  he  states  to 
be  4,400  feet  high.  The  mountains  on  the  west  coast  are 
very  steep,  many  of  them  inaccessible,  and  most  of  them 
dangerous  to  climb.  .  .  .  The  views  of  the  coast  given  by 
Captain  Phipps  show  dark  craggy  rocks,  projecting  every- 
where in  summer  above  the  snow,  and  the  Devil's  Thumb, 
a  crooked  peak,  is  alike  destitute  of  snow  and  verdure,  but 
the  high  rocks  are  black  with  lichens  **  (Kichardson,  The  Polar 
Regions,  p.  205). 

Again,  we  read  of  the  same  archipelago :  **  High  mountains, 
reaching  4,560  feet  in  the  Horn  Sound  Tind,  cover  its 
southern  parts;  while  a  wide  plateau,  with  an  altitude  of 
from  1,500  to  2,000  feet  and  covered  by  a  thick  ice-sheet, 
occupies  the  north.  ...  A  long  narrow  island.  Prince  Charles 
Foreland,  with  peaks  of  nearly  5,000  feet  high,  runs  parallel 
to  part  of  the  west  coast  of  West  Spitzbergen,  from  which 
it  is  separated  by  a  narrow  strait.    A  few  peaks,  estimated  as 
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from  1,600  to  2,000  feet  high,  protrude  above  the  snow  and 
ice  by  which  Stans  Foreland  and  Barents  Land  are  covered. 
.  .  .  The  island  of  North-East  Land  appears  like  a  broad 
plateau  covered  by  an  ice-sheet  2,000  or  3,000  feet  in  thick- 
ness from  which  a  few  peaks  protrude.  .  .  .  Many  of  the 
smaller  islands  in  the  Spitzbergen  archipelago  rise  to  a 
height  of  1,500  or  1,700  feet "  (^«c.  Brit.,  xxii.,  pp.  407,  408). 

Soettlitz  says  of  Franz- Joseph  Land :  '*  Although  the  land 
is  so  largely  hidden  by  ice  which  often  terminates  in  high 
faces  at  the  sea-level,  I  do  not  think  there  is  so  great  a  thick- 
ness covering  the  land  as  might  be  supposed,  for  not  only 
are  ridges  and  dimples  to  be  seen  everywhere  upon  the  ice- 
slopes,  but  the  rock  itself  frequently  protrudes  along  their 
ridges"  {Q^art,  Joum,  GeoL  Soc,,  hv.,  p.  641).  "Though  no 
rock  has  been  seen  to  protrude  at  the  actual  smnmit  of  Cape 
Flora,  yet  on  the  north  side  at  about  100  feet  from  the  top  on 
a  line  with  the  highest  part  of  the  cliff  points  of  rock  are  seen 
all  round  a  cirque-like  hollow.  The  slope  below  these  rocks 
becomes  steeper,  and  is  interrupted  by  a  crevasse  such  as  is 
always  found  below  such  protruding  rocks.  Small  cracks 
intersect  the  slope  lower  down,  which  gradually  assumes  a 
lower  angle.  The  cracks  and  crevasses  cross  the  ice-slope  in 
a  direction  parallel  to  the  line  of  rocks,  thus  taking  the  semi- 
circular form  of  the  cirque  in  which  they  lie.  .  .  .  Eaised 
beaches  were  seen  in  water-courses  that  had  cut  their  way 
through  the  ice  down  to  the  rock  below.  .  .  .  Eidges  and 
dimples  in  the  ice  indicate  the  position  of  submerged  rocks  *' 
(ibid.,  pp.  641,  642). 

Fielden,  speaking  of  Novaya  Zembla,  describes  its  interior 
range  as  rising  in  a  series  of  sharply  peaked  and  serrated 
mountains,  averaging  some  2,000  feet  in  height.  "At  the 
time  of  our  visit,"  he  adds,  **  in  the  latter  part  of  July,  the 
land  was  generally  clear  of  snow,  little  even  remaining  on 
the  central  ridges  except  in  their  high^  valleys  and  gorges  " 
{ibid.,  hi.,  p.  731). 

It  is  plain  from  all  these  facts  that  the  larger  land  areas 
of  high  latitudes  in  our  hemisphere  are  in  many  cases  at 
high  elevations,  and  that  in  at  least  one  instance  these  high 
lands  have  continental  dimensions,  namely,  in  that  of  Green- 
land. It  is  to  this  elevation  and  not  to  their  high  latitude  that 
II.  29 
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is  to  be  attributed  the  great  cold  of  the  North  and  South  Polar 
regions.  We  all  know  that  as  we  rise  in  the  air  the  tem- 
perature falls,  that  there  is  a  limiting  line  of  elevation  in  all 
latitudes  even  in  the  tropics  where  the  snow  is  perpetual,  and 
that  this  line  sinks  as  we  get  into  higher  and  higher  latitudes. 
It  is  very  plain,  therefore,  what  an  enormous  effect  upon  the 
temperature  of  these  high  latitudes  must  be  produced  by  the 
existence  there  of  a  vast  continental  area  at  an  elevation  of 
several  thousand  feet  above  the  sea-level.  The  ice-sheets  of 
Greenland,  of  Spitzbergen  and  Franz-Joseph  Land  and  the 
Southern  Continent  seem  traceable  to  no  other  cause  than 
this  great  elevation. 

Its  effect  is  not  only  direct  but  indirect.  Directly  Green- 
land, for  instance,  became  covered  vnth  perennial  ice  and  snow, 
this  acted  as  a  potent  refrigerator  in  enormously  reducing 
the  temperature  of  the  whole  of  the  circumpolar  lands. 
It  acted  first  upon  their  own  climate  by  preventing  the 
summer  heat  from  effectually  warming  the  country,  since  it 
was  engaged  all  the  year  round  in  melting  ice  and  snow,  and 
had  no  rocks  or  bare  lands  upon  which  to  operate.  It  acted, 
secondly,  in  causing  very  cold  winds  to  radiate  from  the  ice- 
sheets  in  all  directions  and  congeaUng  with  their  frozen 
breath  the  waters  of  the  shallow  polar  seas,  thus  helping 
the  snows  and  ice  on  favoured  land  surfaces  to  resist  the 
operations  of  the  sun.  It  also  scattered  great  loads  of  ice- 
bergs into  the  neighbouring  seas  and  gave  them  their  glacial 
temperatures.  Peary  describes  the  cHmate  of  Greenland  at 
the  present  day  with  great  force,  thus : — 

*'  There  is  no  doubt  in  my  mind  that  in  the  middle  of  the 
Arctic  night,  in  the  centre  of  this  '  Great  Ice,'  lifted  a  mile 
and  a  half  or  two  miles  into  the  frozen  air  that  sweeps  round 
the  pole,  separated  from  any  possible  effect  from  the  earth's 
radiated  heat  by  a  blanket  of  ice  and  snow  a  mile  or  more  in 
thickness,  and  distant  fully  250  miles  from  the  possible  ameli- 
orating effects  of  the  Arctic  Seas,  there  is  to  be  found  the 
fiercest  degree  of  cold  of  any  spot  upon  the  surface  of  the 
globe"  (/w^r.,  pp.  Ixix.,  Ixx.). 

*'  At  present,"  says  Eeclus, "  the  climate  of  Greenland  is  one 
of  the  coldest  in  the  world.  The  isothermal  of  zero  traverses 
the  land  near  its  southern  extremity,  and  in  the  northern 
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districts  whole  years  pass  without  a  single  summer's  day,  that 
is  with  a  temperature  of  59*'  or  60°  Fahr.  At  Upemivik  the 
glass  falls  in  winter  to  -  47°  Fahr.,  and  even  in  summer  it 
does  not  always  rise  to  freezing-point.  In  September,  Nansen 
and  his  party  had  to  endure  cold  of  -  56°  Fahr.  for  several 
consecutive  nights.  On  the  other  hand,  the  greatest  summer 
heat  rarely  exceeds  64°  Fahr.  in  the  shade  "  (Beclus,  Oeography, 
XV.,  p.  79). 

The  way  in  which  this  intense  cold  affects  the  winds  is 
well  told  by  Peary.  "  The  wind,"  he  says,  "  is  never  quiescent 
on  the  *  Great  Ice  *.  Day  and  night,  summer  and  winter,  year 
in  and  year  out,  it  is  sweeping  down  sometimes  with  greater, 
sometimes  with  less  velocity  from  the  frozen  heart  of  the 
*  Great  Ice,'  bearing  with  it  a  burden  of  snow  and  following 
the  most  direct  slope  to  the  land,  t.e.,  the  bare  land,  which 
once  reached  it  goes  rushing  over  the  mountain  summits, 
some  of  it  sinking  in  whirlpools  and  eddies  into  the  valleys, 
but  much  of  it  being  carried  on  to  the  coast  cliffs,  over  which 
it  goes  swirling  into  the  sea  or  over  the  sea  ice.  .  .  . 

"  The  regularity  of  the  winds  of  the  'Great  Ice'  of  Greenland, 
as  I  have  found  from  a  seven  months'  residence  upon  the 
'Great  Ice,'  and  visits  to  it  of  greater  or  less  duration,  at 
every  month  of  the  year,  is  phenomenal.  Except  during 
atmospheric  disturbances  causing  storms,  the  direction  of  the 
wind  is  invariably  radial  from  the  centre  outward  perpen- 
dicular to  the  nearest  part  of  the  coast  land  ribbon.  .  .  •  The 
direction  of  the  nearest  land  is  always  easily  determinable  in 
this  way ;  the  neighbourhood  of  great  fiords  is  always  indi- 
cated by  a  change  in  the  wind's  direction,  and  the  crossing 
of  a  divide  by  an  area  of  calm  or  variable  winds  followed  by 
winds  in  the  opposite  direction,  independent  of  any  indications 
of  the  barometer"  {Intr,,  Ixxiv.,  Ixxv.). 

So  much  for  the  winds,  but  quite  as  effective  as  porters  of 
extreme  cold  and  reducers  of  the  mean  temperature  of  the  high 
latitudes  are  the  enormous  masses  of  ice  detached  from  the 
great  ice-sheets  of  the  Arctic  and  Antarctic  Oceans  as  icebergs 
every  year,  or  formed  by  the  breaking  up  of  ice-fields  "  having 
an  extent  of  several  hundreds  of  thousands  of  square  miles 
and  constituting  by  their  dimensions  real  continents  ".  In  the 
Arctic  region  and  in  spring  time  and  summer  these  latter  get 
partially  broken  up,  and  are  carried  into  the  open  seas  to  the 
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south  in  enormoas  fields  of  ice,  sometimes  from  fifty  to  a 
hundred  miles  in  each  direction.  Many  of  the  glaciers  them- 
selves are  of  enormous  size.  One  of  them  seen  on  the  banks 
of  Newfoundland  by  the  AtadM,  was  about  2,180  feet  high 
above  the  water  and  surmounted  by  a  dome  like  that  of  St. 
Paul's,  and  its  total  height  must  have  been  over  3,500  feet. 
"  A  great  number  of  these  travelling  masses  have  been  seen 
measuring  several  miles  in  length  and  breadth  whose  bulk 
amounted  to  tens  of  thousands  of  cubic  yards.  .  .  .  The  enor- 
mous masses  of  icebergs  like  gigantic  ships  are  often  stranded 
in  shoals  even  where  the  depth  of  the  sea  exceeds  a  hundred 
f athom&  .  .  .  From  the  beginning  of  March  to  July  and  even 
August  that  part  of  the  Atlantic  east  of  the  Bank  of  New- 
foundland assumes  the  appearance  of  the  Arctic  Sea.  The 
polar  current  descending  from  Baffin  Bay  parallel  to  the 
coasts  of  Labrador  brings  with  it  in  long  procession  the  frag- 
ments of  the  ice-fields  and  glaciers  of  Greenland.  ...  It  is 
principally  in  this  region  of  the  ocean  that  flotillas  of  ice  are 
to  be  dreaded  by  navigators"  (Beclus,  Tht  Ocean,  ch.  v., 
passim).  The  effect  of  this  interminable  procession  of  ice 
monsters  upon  the  temperature  of  the  North  Atlantic  must 
be  enormous. 

It  seems  plain,  as  I  have  said,  that  the  really  efficient  cause 
of  the  terrible  climate  of  the  polar  regions  and  of  its  secondary 
effect  on  neighbouring  regions  as  here  described  is  not  their 
high  latitudes  but  the  high  elevation  of  the  land  surfaces 
there,  and  if  we  could  lower  the  level  of  these  land  surfaces 
very  materially  we  should  very  materially  raise  their  mean 
temperature  and  ameliorate  their  climate ;  and  it  is  quite  pos- 
sible to  realise  that  if  the  greater  part  of  these  lands  now  at 
a  high  elevation  were  reduced  to  near  the  sea-level  we  might 
have  a  fairly  temperate  climate  even  in  the  highest  latitudes. 

We  need  not  rely  merely  on  conjectures  in  regard  to  this 
fact.  I  have  given  some  evidence  about  it  in  my  Glacial 
Nightmare  (see  pp.  508,  509),  which  I  now  propose  to  supple- 
ment. Nothing  in  Peary's  remarkable  journey  perhaps  was 
such  a  revelation  to  some  of  us  as  his  discovery  that  when 
he  had  reached  the  extreme  north  of  Greenland  and  looked  out 
towards  the  pole  with  a  continuous  ice-sheet  of  1,200  miles 
behind  him  he  found  the  low  islands  to  the  north  free  from 
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ice  or  snow,  and  found  abundant  animal  and  vegetable  life  in 
the  ribbon  of  coast  lands  bordering  the  great  plateau  on  the 
north  and  which  are  at  a  low  level. 

Speaking  of  the  north  of  Greenland,  he  says :  "  The  almost 
entire  absence  of  snow  on  the  northern  country  was  a  surprise 
as  well  as  an  annoyance  to  me,  as  it  threatened  seriously  to 
interfere  with  the  portage  of  the  big  sledge"  (op.  cit.^  p.  470). 

In  the  extreme  north  he  killed  several  musk-oxen,  hares 
and  ptarmigan.  He  elsewhere  describes  the  scene  from  the 
northern  verge  of  the  great  icy  continent  where  he  stood. 
"There  is  every  reason  to  believe  that  to  the  north-west., 
north  and  north-east,  we  were  gazing  upon  an  archipelago, 
whose  western  limits  Lockwood  had  discovered  in  1882. 
.  .  .  The  most  distant  land  we  could  make  out,  far  to  the 
north-east  looking  over  the  point  of  Glacier  Cape,  must 
have  been  sixty  miles  away.  It  seemed  to  be  flat  topped, 
and  there  was  fu>  icecap  on  it,  .  .  .  We  looked  m  vain  for 
any  signs  of  ice-cap  on  the  lands  west  and  north-west  of  our 
point  of  view,  .  .  .  From  our  point  of  vantage,  three-eighths 
of  a  mile  above  the  bay  ice,  the  sound  of  a  cataract 
came  up  to  us  from  far  below,  and  I  was  surprised  to  hear 
the  familiar  drone  of  a  bumble-bee.  We  soon  caught 
sight  of  the  insect,  which  lingered  near  us  for  some 
time.  The  flies  that  buzzed  around  us  were  altogether  too 
numerous  to  count.  The  day  was  delightfully  warm  and 
cahn.  The  point  was  81-3r-5"  N.  lat.  and  345  W.  long." 
Before  starting  on  his  return  Peary  tells  us  how  he  plucked  a 
handful  of  flowers  from  the  rocks.  *'  Bright  yellow  flowers 
were  peering  at  us,"  he  says,  "from  among  the  forbidding 
rocks.  .  .  .  During  our  traverse  of  the  northern  land,"  he 
adds,  "I  found  flowers  of  numerous  varieties  blooming  in 
abundance,  conspicuous  among  them  was  the  ever-present 
Arctic  poppy."  He  also  mentions  seeing  **  snowbuntings,  two 
or  three  sandpipers,  a  single  Greenland  falcon  and  a  pair  of 
ravens,  two  bumble-bees,  several  butterflies  and  innumerable 
flies.  We  saw  about  twenty  musk-oxen  along  our  route ;  the 
stomachs  of  the  cows  were  filled  with  grass."  He  says  they 
also  killed  a  calf. 

Peary  is  not  alone  in  making  this  kind  of  observation. 
Speaking  of  North  Greenland,  Greely  describes  the  country 
towards  Newman  Bay  as  "  a  level  plain  whose  rocky,  gravelly 
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surface  is  int  seantUy  covered  toith  snow.  .  .  .  This  absence  of 
snow  as  a  covering  for  the  ground,"  he  adds,  "  not  only  in 
North  Greenland,  but  in  Grinnell  Land,  was  general  in  our 
two  years'  experience,  and  caused  much  comment  as  contrary 
to  expectations"  (Three  Years,  etc,,  i.,  p.  219).  He  speaks  of 
an  extensive  plain  stretching  to  the  east  as  far  as  could  be 
seen,  where  the  absence  of  snow  was  surprising. 

He  thus  describes  the  features  of  Grinnell  Land.  **  There 
exists  from  Bobison  and  Kennedy  Channels  westwards  to 
Greely  Fiord  and  the  Polar  Sea  a  series  of  fertile  valleys 
clothed  with  vegetation  of  luxuriant  growth,  whereon  pasture 
large  herds  of  musk-oxen.  Over  a  hundred  of  these  inter- 
esting animals  were  killed,  and  over  two  hundred  more  were 
seen.  The  boundaries  of  this  fertile  region  are  equally  extra- 
ordinary. To  the  north  an  ice-cap  of  several  thousand  square 
miles  bursts  through  every  gap  in  the  Garfield  and  Conger 
mountains  in  the  shape  of  large  glaciers,  one  of  which,  Hen- 
rietta Nasmith,  has  a  front  of  five  miles  and  a  perpendicular 
face  from  150  to  200  feet  high.  .  .  .  Yet  the  winter's  scanty 
snow  scarcely  covers  this  favoured  country,  while  its  abrupt 
intersecting  fiords  and  deep  narrow  valleys  offer  most  favour- 
able conditions  for  the  action  of  the  constant  summer  sun 
and  the  complete  drainage  of  its  rapid  torrents"  (Greely, 
Scotch  Geo.  Soc.,  1885). 

Beferring  to  the  contrasted  conditions  of  the  flat  district 
of  Grinnell  Land  and  the  high  icy  plateau  of  Greenland, 
Fielden,  a  very  experienced  Arctic  observer,  has  pointed  out 
the  **  extraordinary  difference  now  existing  between  the  fertile 
belt  of  Grinnell  Land  and  the  opposite  shore  of  Greenland 
covered  by  a  mer  de  glace  "  {AnntuU  Address,  Norfolk  and  Norwich 
Nat.  Hist.  Soc.,  1886,  p.  166).  "While  in  Grinnell  Land 
there  are  hardly  any  glaciers  now  descending  to  the  sea  north 
of  81°,  on  the  same  parallel  in  Hall  Basin  in  Greenland  the 
country  is  ice-clad  to  the  water's  edge  "  (De  Bance  and  Fielden, 
Nares'  Travels,  ii.,  pp.  343,  344). 

The  same  report  (see  Glacial  Nightmare,  pp.  507,  508)  is 
given  us  by  the  various  Arctic  travellers  of  the  summer 
appearance  and  comparatively  rich  flora  and  fauna  of  many 
other  Arctic  lands  at  a  low  level,  such  as  the  tundras  of 
Siberia  and  the  vast  plains  of  Boreal  America.     If  this  is  the 
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case  now,  what  an  effect  wonld  be  produced  if  the  great  re- 
frigerators in  Greenland  and  Spitzbergen  and  Novaya  Zembla 
were  removed,  and  if  the  whole  of  the  snmmer  sun  were 
employed  in  heating  the  Arctic  lands  instead  of,  as  I  have 
said,  being  so  largely  employed  in  melting  a  part  of  the  snow- 
blanket  there.  We  can  hardly  realise  the  strength  of  the  sun- 
power  in  the  two  polar  regions  if  the  sun  could  only  have  his 
way,  and  not  be  thwarted  by  the  vast  permanent  ice-houses 
above-named. 

"  In  East  Greenland  the  solar  rays  often  appear  unendur- 
able to  travellers.  Payer  relates  that  on  the  shores  of  the 
Franz-Joseph  Fiord  the  sailors,  overcome  by  the  heat,  fell  into 
a  lethargic  sleep  from  which  it  was  difBcult  to  rouse  them. 
Scoresby  saw  the  natives  on  the  east  coast  walking  about 
naked  to  cool  themselves  "  (Reclus,  op.  ct^.,  xv.,  pp.  79,  80). 

Beclus  says  of  this  smnmer  sun  that  it  amply  suffices  to 
melt  all  the  snow  in  the  plains,  and  even  on  the  hills  of  the 
coast  lands  of  Greenland  (t&iJ.,  xv.,  p.  79).  Nordenskiold  tells 
us  that  in  summer  the  Siberian  tundra  is  completely  free  of 
snow  {Voyage  of  the  Vega,  p.  378).  Again,  he  says,  **  along  the 
whole  coast  from  the  White  Sea  to  Bering  Strait  no 
glacier  was  seen.  During  autunm  the  Siberian  coast  is  nearly 
free  from  ice  and  snow  "  {Nature,  Nov.,  1879).  In  passing  up 
the  Yenisei  in  1876  in  August,  he  only  saw  snow  in  one 
place,  a  deep  valley-cleft  of  some  fathoms  in  extent. 

If  the  above  argument  is  a  true  induction,  and  if  in  fact 
the  present  climate  of  the  two  polar  areas  be  due  to  the  great 
elevation  of  certain  of  the  Arctic  lands  in  either  hemisphere, 
it  would  seem  plain  if  there  was  ever  a  great  glacial  period  in 
these  same  latitudes,  such  as  the  glacialists  have  postulated, 
the  land  must  have  been  considerably  higher  than  it  is 
now.  This  at  all  events  is  the  only  cause  I  can  suggest  (in 
the  absence  of  all  possible  astronomical  ones  which  have 
been  shown  to  be  inefficient)  to  produce  such  a  result.  Have 
we  any  evidence  of  such  an  enhanced  elevation  of  the  Arctic 
lands  in  the  last  period  of  the  earth's  history  ?  On  the  con- 
trary, all  the  evidence  known  to  me  converges  on  the  con- 
clusion that  the  great  areas  of  land  about  the  poles  instead 
of  being  higher  were  formerly  much  lower. 

It  is  many  years  ago  since  I  argued,  and,  I  think  proved. 
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that  the  whole  circompolar  area  at  either  pole,  wherever  we 
can  test  it,  is  rising  and  has  been  rising  from  the  sea-level  for 
a  long  period.  I  will  quote  a  few  of  the  facts  which  I  have 
pablished  on  the  subject  and  add  some  others.  In  Franklin's 
voyage,  in  1819,  he  tells  us  that  he  picked  up  some  decayed 
wood  far  out  of  the  reach  of  the  water,  at  the  mouth  of  the 
Coppermine  River,  which  river,  he  tells  us,  has  no  wood  on 
its  banks,  and  does  not  now  carry  it  {JSarraiivt^  p.  3*57).  In 
his  second  voyage  along  the  Arctic  Sea  he  describes  the  coast 
from  the  Mackenzie  Biver  to  the  Bocky  Mountains  as  very 
shallow  and  full  of  shoals  and  reefs.  Inside  some  of  the 
latter  was  brcbckish  water,  as  was  also  the  water  in  pools  at 
some  distance  inland ;  piles  of  wood  were  also  thrown  up 
far  from  the  coast  (t6*d.,  p.  134).  Dr.  Bichardson  says  :  "  On 
the  coast  from  Cape  Lyon  to  Point  Keats  there  is  a  line  of 
large  drift-timber,  evidently  thrown  up  by  the  waves,  about 
twelve  feet  in  perpendicular  height  above  the  ordinary  spring 
tides".  He  shortly  afterwards  mentions  that  in  the  Polar 
Sea,  when  cumbered  with  ice,  such  waves  are  impossible, 
and  as  his  journey  was  in  the  hottest  season,  and  as  the  sea 
was  then  crowded  with  hunmiocks,  the  inference  that  the 
drift-wood  was  thrown  up  by  the  waves  is  inadmissible,  and 
the  line  of  drift-wood  twelve  feet  above  sea-level  is  a  clear 
proof  of  recent  elevation.  Bichardson  suggests  that  the  vast 
sheet  of  shallow  and  brackish  water  140  miles  long  and  150 
broad,  separated  from  the  Polar  Sea  by  low  banks  and  spits 
of  sand  and  called  Esquimaux  Lake,  was  only  recently  a  bay 
of  the  Polar  Sea,  and  is  an  example  of  the  formation  of  huge 
brackish  lakes  by  a  sea  which  is  constantly  contracting. 

The  Arctic  archipelago  north  of  North  America  has  all  the 
appearance  of  an  area  only  recently  risen  from  an  ice-laden 
sea.  The  rounded  and  polished  surfaces  of  the  islands, 
etc.,  etc.,  and  the  existence  of  whales'  bones  and  drift-wood 
at  considerable  elevations,  prove  this  amply.  Thus,  Mecham, 
who  was  one  of  Belcher's  officers,  found  tree-trunks  on  the 
surface  and  in  the  soil  of  Prince  Patrick  Island.  Belcher 
found  on  the  Victoria  archipelago  and  in  Grinnell  Land  bones 
of  whales  and  other  sea  animals  at  a  height  of  280  metres 
above  the  sea. 

*'  McCIure  found  shells  of  Cyprina  islandica  at  the  summit 
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of  the  Coxcomb  range,  in  Baring  Island,  at  an  elevation  of 
800  feet  above  sea-level.  Captain  Parry  has  also  recorded 
occurrences  of  YenvA  (probably  Cyprina  islandica)  in  Byam 
Martin  Island,  and  in  the  later  voyage  of  the  Fox  the  sur- 
geon found  the  following  sub-fossil  shells  at  Port  Kennedy, 
at  elevations  of  100  to  500  feet :  Saancava  rugosa,  Tellina 
proxima,  Astarte  arctica  (borealis),  Mya  UddevcUlensis,  Mya 
truncata,  Cardium  sp.,  Bvccinvm  undatum,  Acmea  testtddinalis, 
and  Balanus  Uddevallensis  "  (Appendix  to  MacClintock's  Na/r- 
rative).  The  bone  of  a  whale  was  found  by  Mr.  Walker  at  a 
height  of  164  feet. 

Speaking  of  the  eastern  part  of  Melville  Island,  Parry 
says :  ''  Sergeant  Martin  and  Captain  Sabine's  servant  brought 
down  to  the  beach  several  pieces  of  fir-tree  which  they  found 
nearly  buried  in  the  sand  at  the  distance  of  300  or  400  yards 
from  the  present  high- water  mark,  and  not  less  than  thirty 
feet  above  the  sea-level ".  Again,  speaking  of  the  northern 
part  of  Melville  Island,  he  says:  ''Near  Point  Nias  two 
pieces  of  drift-wood  were  also  found  on  the  beach,  ten  or 
twenty  feet  above  the  present  level  of  the  sea,  both  of  pine, 
one  seven  and  a  half  feet  long  and  three  inches  in  diameter, 
and  the  other  much  smaller.  Both  were  partly  buried  in 
sand,  and  their  fibres  so  decayed  as  to  fall  to  pieces  on  being 
laid  hold  of.''  Again,  speaking  of  the  west  of  Melville  Island, 
he  says :  "  The  land  gains  upon  the  sea,  as  it  is  called,  in 
process  of  time,  as  it  has  certainly  done  here  from  the  situa- 
tion in  which  we  found  the  drift-wood  and  the  skeletons  of 
whales"  (Parry,  Voyage  in  1819-20,  pp.  68,  193,  235). 

MacClintock  says  of  the  same  island  that  it  is  rather 
low,  the  western  shore  extremely  so,  and  bears  evidence  of 
a  gradual  and  tolerably  recent  upheaval  from  beneath  the 
sea  (Qwirt,  Jovnm,  GeoL  5oc.,  xxx.,  p.  10). 

It  is  well  known  that  Gl-reenland  is  at  present  subject  to 
a  movement  of  oscillation,  the  northern  portion  being  in 
process  of  elevation  and  the  southern  of  depression ;  the  axis 
of  the  movement  being  variously  placed  between  the  parallels 
of  74  and  77.  Dr.  Kane  says  :  "  The  opportunity  I  had  to- 
day of  comparing  the  terrace  and  boulder  lines  of  Mary  Eiver 
and  Charlotte  Wood  Fiord  enables  me  to  assert  positively  the 
interesting  fact  of  a  secular  elevation  of  the  crust  commenc- 
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ing  at  some  as  yet  andetermined  point  north  of  76''  N.  lat.» 
and  continuing  to  the  great  glacier  and  the  high  northern 
latitudes  of  Grinnell  Land.  This  elevation  is  connected  with 
the  equally  well-sustained  depression  of  the  Greenland  coast 
south  of  Kingutak  "  (Kane,  Travels,  ii.,  p.  80). 

The  evidence  for  this  elevation  is  especially  marked  in  the 
neighbourhood  of  Smith  Sound,  Kennedy  Channel,  Bobeson 
Channel,  etc.,  etc. 

Kane  noticed  some  high  beaches  in  Wolstenholme  Sound. 
He  found  others  at  Mary  Minturn  Biver,  78°  45'  north  of  Van 
Benslaerhaven.  He  here  counted  as  many  as  forty-one  of 
these  raised  beaches,  showing  as  many  successive  rises  of  the 
land. 

Hayes  says:  **  While  rounding  the  head  of  Gould  Bay,  I 
observed  that,  as  at  Port  Foulke,  Van  Benslaer  Harbour, 
and,  indeed,  in  almost  every  bay  of  the  Greenland  coast  which 
I  have  visited  above  Cape  York,  the  land  rises  with  a  gentle 
slope,  broken  into  steppes  of  greater  or  less  regularity,  a  series 
of  terraced  beaches,  the  highest  of  which  I  estimated  to  be 
from  120  to  150  feet  above  the  sea.  .  .  .  They  indicate  a  con- 
secutive elevation  of  the  two  coasts  "  {Open  Polar  Sea,  1867, 
p.  303). 

Speaking  of  Port  Foulke,  Hayes  also  says :  ''  The  terraces 
there  are  twenty-three  in  number,  and  rise  very  regularly  to 
an  altitude  of  110  feet  above  the  mean  tide-level.  The  lowest 
rises  32  feet  higher  than  the  tide,  but  above  this  they  dimb 
with  great  regularity.  They  are  composed  of  small  pebbles 
rounded  by  water.  .  .  .  They  occur  in  all  similar  localities, 
and  illustrate  the  gradual  upheaval  of  that  part  of  Greenland 
lying  north  of  latitude  76°.  ...  I  have  before  mentioned 
the  evidences  of  a  similar  elevation  of  the  opposite  coast 
found  in  the  terraced  beaches  of  Grinnell  Land"  {ibid,, 
pp.  362,  3(53). 

In  Carl  Bitter  Bay,  80°  45',  and  other  places,  Hall  found 
numerous  marine  remains  on  the  tops  of  the  hills  as  well  as 
on  lower  ground  as  far  north  as  82°.  In  Nares*  expedition 
drift-wood  was  found  west  of  Bobeson  Channel  at  a  height 
of  47  feet  above  the  sea. 

Some  interesting  evidence  of  another  kind  of  the  rise  of 
Northern  Greenland  is  given  in  the  geological  appendix  to 
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Nares*  account  of  his  voyage.  Thus  we  read :  "  The  mollus- 
can  fauna  in  the  glacio-marine  deposits  of  Grinnell  Land  and 
North  Greenland  at  various  levels  up  to  1,000  feet  above  sea- 
level  is  practically  identical  with  that  now  living  in  the 
neighbouring  seas,  and  the  species  Pecten  grcRnlcmdictis^  Mya 
tnmcata  and  Saaicava  rugosa  are  aUke  most  abundant  in  the 
modem  seas  and  in  the  older  mud  beds ;  and  it  is  exceedingly 
worthy  of  note,  as  indicating  the  comparatively  modern  eleva- 
tion of  this  coast  hue,  that  stems  of  two  species  of  Laminaria, 
which  grow  in  considerable  abundance  in  the  Polsur  Sea,  occur 
in  the  mud  beds  at  elevations  of  200  feet,  ktill  retaining  their 
peculiar  sea-shore  odour. 

"  Coniferous  wood,  still  retaining  its  buoyancy,  occurs  at 
elevations  of  several  hundred  feet  of  a  precisely  similar 
character  to  that  now  stranded  on  the  existing  coast  line. 
No  evidence  was  discovered  in  the  mud  beds  of  Grinnell  Land 
to  encourage  the  idea  that  any  of  these  trees  had  grown  m 
situ,  or  that  during  the  period  occupied  by  the  elevation  of 
this  trfibct  of  country  1,000  feet,  it  had  experienced  an  inter- 
glacial  period  during  which  such  trees  could  have  flourished  ** 
(De  Bance  and  Fielden,  Nares'  Narrative,  ii.,  pp.  342,  343). 

Some  of  the  Greenland  lakes  were  evidently  once  marine 
inlets ;  such  is  one  discovered  by  Kane  north  of  the  Humboldt 
Glacier,  some  thirty  miles  higher  than  spring  tides.  Its  water 
has  gradually  become  fresh,  but  its  fauna  remains  marine. 
Bound  about  Polaris  Bay,  Hall  visited  several  basins  of  a 
similar  character,  and  up  to  an  altitude  of  1,760  feet  he 
observed  beaches  containing  thick  beds  of  drift-wood  and 
marine  crustaceans  (op,  cit.,  pp.  75,  76). 

At  Akpani  on  Wolstenholme  Sound,  Peary  describes  a 
triangular  bit  of  foreshore  made  of  detritus,  a  raised  beach, 
in  fact,  formed  originally  under  the  water  by  tidal  eddies  and 
then  raised  to  its  present  position  by  the  elevation  of  this 
region  (Peary,  ii.,  p.  333). 

In  East  Greenland,  Payer  found  on  the  north  coast  of 
Shannon  Island,  on  the  south  of  Sabine  Island  and  between 
Cape  Broer  Buys  and  the  Mackenzie  Fiord  raised  beaches  at 
a  height  of  100  metres,  and  describes  them  as  covered  with  a 
fine  marine  loam. 

The  south  of  Greenland  is  now  apparently  slowly  sinking. 
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Of  this  many  eyidences  have  been  quoted,  chiefly  drawn  from 
the  old  sites  of  Esquimaux  huts,  eta,  which  are  now  washed 
by  the  sea.  This  sinking  seems,  however,  to  be  a  quite 
recent  movement,  for  Brown  mentions  raised  beaches  as  oc- 
curring in  the  south  as  well  as  the  north  of  Greenland,  and 
these  very  huts  are  planted  on  what  were  once  raised  beaches 
containing  shells  which  are  now  sinking  again. 

In  regard  to  Spitzbergen  the  fact  of  its  recent  rise  was  long 
ago  recognised.  Thus  we  read  as  early  as  1646 :  "  Leonin  was 
not  a  little  surprised  to  discover  upon  one  of  these  hills,  about 
a  league  from  the  seaside,  a  small  mast  of  a  ship  with  one  of 
its  pulleys  still  fastened  to  it  This  made  him  ask  the  seamen 
how  that  mast  came  there,  who  told  him  they  were  not  able 
to  tell,  but  were  sure  they  had  seen  it  as  long  as  they  had 
used  the  coast,  and  the  writer  suggests  that  the  sea  was  once 
there  "  (Pereyre,  ChurchilVs  Voyages,  ii.).  Parry  in  his  journey 
towards  the  Pole  (op.  cit.,  p.  126)  also  refers  to  the  vast  quan- 
tities of  drift-wood  stranded  on  the  Spitzbergen  coasts  above 
high-water  mark.  Lament  says  (Quart,  Jowm,  GeoL  Soc,,  xviii.) 
that  he  discovered  recent  bones  and  drift-wood  several  miles 
inland  in  Spitzbergen,  and  high  above  high-water  mark 
skeletons  of  whales  30  to  40  feet  above  the  sea-level.  The 
seal-fishers  told  him  the  land  was  rising,  and  that  the  seas 
thereabouts  were  now  too  shallow  for  the  right  whale,  which 
had  forsaken  the  Spitzbergen  coast.  This  is  confirmed  by 
Malmgren  (see  Petermanns  Mittheilungeny  1863,  ii.). 

Lamont  reports  that  he  found  drift-wood  firom  Siberia 
wherever  be  went  in  Spitzbergen  as  at  Star  Fiord  or  Wijde 
Jan*s  Water,  Deevie  Bay,  Walter  Thymens  Road  and  the  so- 
called  Thousand  Islands.  This  occurred  as  high  as  9  metres 
above  the  sea-level.  He  also  mentions  finding  on  one  of 
the  Thousand  Islands  a  Fwrche  91  metres  long,  which  could 
only  in  his  view  have  been  left  there  when  the  sand  was 
submerged  and  by  an  iceberg.  Theodor  V.  Heuglin  and 
Count  Waldburg-Zeil  on  their  voyage  in  1870  found  large 
quantities  of  drift-wood  in  sharply  defined  raised  beaches  on 
the  east  coast  of  Stans  Foreland,  while  the  muddy  soil  of  the 
country  between  the  mountains  and  the  sea  seemed  clearly 
deposited  by  the  sea.  The  old  Dutch  maps  of  Northern 
Spitzbergen  show  islands  now  joined  to  the  mainland.    Dr. 
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Hahn  gives  some  examples  of  these  in  his  monograph,  Unters. 
tuber  das  Aussteigen  und  Sinken  der  Kiisten  (pp.  127, 128).  Hahn 
judges  from  the  height  at  which  certain  deposits  of  drift-wood 
mixed  with  the  debris  of  whale-fishers'  handiwork  are  found  at 
a  height  of  3  to  4^  metres  that  they  must  date  from  after  1650 
that  the  land  about  Hinlopen  Sound  has  risen  about  2 
metres  per  century,  while  farther  east  in  King  Earls  Land 
the  rise  has  been  greater,  since  there  similar  deposits  are 
found  at  a  height  of  6  metres  {ibid. ,  p.  129).  Nordenskiold  tells 
us  how  Bobert  examined  some  layers  of  earth  containing 
shells  of  the  genera  Mya^  TelUna  and  Saxicava.  Lamont  dis- 
covered at  Bel  Sound,  100  feet  above  the  sea-level,  and  at  a 
distance  of  half  an  English  mile  from  the  shore,  a  decayed 
vertebra  of  a  whale,  as  well  as  the  lower  jaw  of  the  same 
animal  at  Walter  Thymens  Strait,  at  a  height  of  40  feet 
above  the  level  of  the  water.  "We,  too,  along  the  whole  coast  of 
Spitzbergen,  except  the  north-western  part,  have  discovered  plain 
indications  of  an  upheaval  of  land  progressing  in  later  times. 
Thus  at  Cape  Lov^n  on  the  north  coast  of  North  East  land 
we  discovered  along  the  shore  a  sand-bank  in  which,  at  the 
height  of  10  or  15  feet  above  the  present  level  of  the  sea,  were 
found  some  hafts  of  whale  harpoons,  oars  of  a  form  different 
from  that  at  present  employed  by  the  Norwegian  sea-horse 
hunters,  and  other  remains  from  the  time  of  the  Dutch 
whalers.  Bones  of  whales  and  immense  masses  of  moss- 
covered  drift-wood  were  met  with  1  to  20  feet  above  the 
level  of  the  sea,  on  the  isthmus  that  separates  the  mountain 
tops  of  the  Seven  Islands,  far  in  the  interior  of  Low  Island^ 
at  the  Byss  Islands  in  Murchison  Bay,  and  at  many  other 
places.  Sub-fossil  shells  were  collected  at  a  great  height 
above  the  surface  of  the  sea  on  the  Lime  shore  and  at  Duyne 
Point  in  Hinlopen  Strait.  On  the  west  side  of  Safe  Haven 
(at  least  150  feet  above  the  level  of  the  sea)  Nordenskiold 
points  out  that  many  of  the  bones  of  whales  found  as  above 
described  were  not  stranded,  but  belonged  to  animals  killed 
by  the  whalers  in  the  sixteenth  and  seventeenth  centuries, 
whose  bones  were  originally  embedded  in  the  sand  3  or  4 
feet  beneath  the  surface  of  the  sea,  which  sands  have  since 
been  upheaved"  {Sketch  of  the  Geology  of  Spitzbergen,  pp. 
10-12). 
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Speaking  of  Northbrook  Island  in  Franz-Joseph  Land, 
Nansen  says :  ''It  presents  evidence  of  changes  in  the  level 
of  the  sea.  Jackson's  hut  lay  on  an  old  strand  line  or  terrace 
about  from  40  to  50  feet  high,  but  there  virere  several  other 
«trand  lines,  both  lovirer  and  higher.  Thus  I  found  that 
Leigh  Smith,  who  had  also  wintered  on  this  headland,  had 
built  his  hut  on  an  old  strand  line  17  feet  above  the  sea-level, 
while  at  other  places  I  found  strand  lines  at  a  height  of  80 
feet.  .  .  .  Jackson  had  found  whale  skeletons  and  a  skull  of 
a  balsena,  at  a  height  of  50  feet,  near  his  hut.  Farther  north 
were  fragments  of  a  whole  skeleton,  but  these  were  not  more 
than  9  feet  above  sea-level.  I  also  found  other  indications 
that  the  sea  must  at  a  comparatively  recent  period  have  risen 
above  these  strand  terraces.  For  instance,  they  were  at  many 
places  strewn  with  shells  "  {Farthest  North,  ii.,  pp.  481,  482). 

Speaking  of  the  same  country.  Dr.  B.  EoettUtz  says: 
''Baised  beaches  of  various  heights  occur  at  Cape  Flora. 
Thus  Elmwood  is  situated  on  a  well-marked  beach  which 
slopes  gently  from  50  to  36  feet.  This  beach  is  prolonged 
into  an  apron-like  front,  having  an  area  of  about  three  or 
four  acres.  The  surface  is  strewn  with  large  and  small 
water-worn  boulders.  .  .  .  Many  other  beaches  besides  that 
on  which  Elmwood  stands  may  be  recognised  at  Cape  Flora. 
At  the  north-west  point  of  the  cape  well-marked  terraces 
occur  at  30,  35  and  80  feet  above  sea-level,  and  between  this 
point  and  Elmwood  others  may  be  observed  at  8,  29,  45,  54 
and  65  feet  ''{Quart.  Joum,  Geol.  Soc.,  liv.,  p.  622).  "On 
Mabel  Island  ...  in  one  place  on  the  south-east  side  a  weU- 
marked  beach  was  seen  at  a  height  of  300  feet,  and  traces  of 
another  at  410  feet  above  sea-level.  .  .  .  Bell  Island  is  mostly 
composed  of  terraces  of  raised  beach  covered  with  rounded 
stones  and  pebbles  of  basalt  and  quartz,  etc.  .  •  .  Around  a 
bell-shaped  mass  of  basalt  938  feet  high  may  be  seen  a  fine 
series  of  raised  beach  terraces  up  to  300  or  400  feet  above 
sea-level ''  {ibid.,  pp.  630,  631).  "  At  Cape  Forbes  the  usual 
talus  and  raised  beaches  occur  at  25,  50  and  80  foot  levels.  .  .  . 
At  Cape  Stephen  the  50-foot  beach  is  well  marked,  and 
I  found  a  portion  of  a  reindeer's  antler  sticking  out  of  it " 
(ibid.,  p.  631). 

'•  Two  more  specimens  of  reindeer  antlers  were  found  by 
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Mr.  Bruce  and  myself,  one  at  Windy  Gully,  the  other  on  60- 
foot  beach,  Cape  Flora ;  and  Mr.  Leigh  Smith  mentions  the 
finding  of  a  fourth.  At  Cosoks  Bocks  there  is  a  well-marked 
beach,  50  feet  above  sea-level,  on  which  was  a  large  trunk 
of  drift-wood,  about  20  feet  long  and  2 J  feet  in  circumference, 
in  very  good  condition.  At  Cape  Grant  is  a  partially  con- 
cealed raised  beach  120  feet  high.  On  the  plateau  at  the 
top  of  the  clififs  at  Cape  Neale,  700  feet  high,  were  found 
the  entire  skeleton  of  a  seal  and  numerous  bones  of  foxes  " 
(ibid,,  p.  632).  **We8t  of  Cape  Mary  Harmsworth  is  a 
succession  of  beach  terraces.  I  counted  as  many  as  twelve, 
and  upon  most  of  them  drift-wood,  birch  bark,  bones  of 
whales,  seals  and  bears,  and  big  blocks  of  red  and  grey 
granite  and  gneiss  were  to  be  seen'*  (»6ii.,  p.  632). 

Speaking  generally,  Koettlitz  says :  **  The  frequent  occur- 
rence of  raised  beaches  around  the  shores  of  Franz-Joseph 
Land  was  alluded  to  by  Messrs.  Newton  and  Hall.  These 
evidences  of  upheaval  of  the  country  in  comparatively  modern 
times  are  a  marked  feature  of  the  whole  of  the  southern  part 
of  the  archipelago,  and  are  known  to  occur  in  the  northern 
parts  also.  Most  of  the  raised  beaches  are  between  the  sea- 
level  and  80  or  100  feet  above  it ;  but  in  some  places  they 
may  be  traced  as  terraces  to  as  much  as  over  400  feet  above 
the  sea.  Indeed,  many  round  pebbles  which  were  found  on 
the  summits  of  Cape  Forbes,  Cape  Flora  and  Cape  Gertrude 
seem  to  me  an  indication  of  raised  beaches  even  at  these 
elevations,  but  being  more  ancient  than  those  nearer  the  sea- 
level,  much  of  their  character  has  necessarily  been  destroyed 
by  denudation.  Drift-wood  and  bones  of  whales  are  not 
uncommon  at  the  lower  levels,  and  have  been  met  with  as 
miuch  as  90  or  100  feet  above  the  sea.  The  bones  of  seals 
and  walrus  have  been  found  at  much  greater  elevations 
(between  300  and  400  feet),  and  although  they  may  have  been 
carried  up  by  bears,  I  hardly  think  so,  for  I  know  of  no  evi- 
dence that  bears  carry  their  prey  to  a  distance,  especially  the 
whole  of  a  seal  (a  complete  skeleton  was  found  on  the  summit 
of  Cape  Neale). 

'*  Even  when  the  land  is  covered  with  ice,  it  not  unfrequently 
happens  that  ridges  and  sometimes  successive  terraces  may  be 
seen  protruding.     On  these  have  been  found  many  rounded 
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water-worn  stones,  some  indeed  being  rounded  boulders 
of  enormous  size,  mixed  with  angular  moraine  debris.  .  .  . 
Two  or  more  well-marked  raised  beaches  may  be  seen  round 
Gape  Flora  at  between  8  and  100  feet  above  sea-level,  and 
the  epiphyses  of  a  large  whale's  vertebrsB  were  found  on  the 
highest  of  them.  Other  terraces  with  rounded  water-worn 
stones  and  pebbles,  as  well  as  walrus  and  seal  bones,  are  less 
distinctly  visible  between  240  and  340  feet  above  the  sea. 

"Cape  Gertrude  has  similar  raised  beaches  at  different 
heights.  On  the  western  side,  at  an  elevation  of  300  feet,  large 
and  small  rounded  water-worn  stones  and  also  seals'  bones 
were  found  with  much  angular  debris.  On  the  eastern  side  of 
the  valley,  separating  Cape  Gertrude  from  the  high  land  of 
Northbrook  Island,  are  several  terraces  between  180  and  220 
feet  above  the  sea.  .  .  .  Farther  east  is  one  at  an  elevation 
of  220  feet.  This  is  strewn  with  gigantic  basaltic  boulders 
many  of  them  water- worn,  being  smooth  and  rounded  but 
having  no  striae.  One  of  these  angular  boulders,  a  column  of 
basalt,  was  18  feet  long  and  6  feet  in  diameter." 

Mabel  Island  has  on  the  eastern  side  an  area  several  acres 
in  extent,  300  feet  above  the  sea,  paved  with  smoothly  rounded 
water- worn  stones.     This  Dr.  Eoettlitz  says  is  a  raised  beach. 

On  Bell  Island  are  very  extensive  raised  beaches  covering 
several  square  miles,  generally  20  to  30  feet  above  the  sea,  but 
a  few  are  as  much  as  300  feet.  They  are  covered  with  well- 
rounded  stones  and  pebbles.  At  many  other  places  similar 
evidence  was  found,  inter  alia,  at  capes  Grant,  Neale,  Crowther, 
Stephen,  Forbes  and  Mary  Harmsworth,  as  well  as  Wind- 
ward Island.  Water- worn  stones  are  found  on  the  summits 
of  capes  Neale,  Grant,  Forbes,  Flora  and  Gertrude  {ibid., 
pp.  638-640). 

The  coasts  of  Iceland  are  everywhere  rising.  On  the 
north  coast  banks  of  recent  shells  and  of  drift-wood  occur  to 
a  height  of  60  metres  above  the  sea-level,  and  according  to 
Olafsson  and  Palsson  this  movement  is  a  rapid  one.  In  the 
north-west  of  the  island,  on  the  banks  of  the  Breidi  Fiord,  the 
inhabitants  point  out  numerous  inlets,  rocks,  etc.,  which  have 
risen  from  the  sea  during  the  last  century  (Beclus,  op,  dt,  iv., 
p.  922),  while  Van  Hoff  tells  us  that  in  1753  a  rock  appeared 
above  the  water,  in  Flate  Fiord,  which  had  not  before  been 
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seen  (see  Hahn,  (yp.  ciUy  p.  124).  Evidences  of  a  similar  kind 
have  been  quoted  from  Jan  Mayen,  and  notably  from  a  com- 
parison of  the  older  maps  of  Scoresby  and  Carl  Vogt  with 
the  later  one  of  H.  Mohn  (1877),  showing,  apparently,  the 
gradual  conversion  of  islands  into  peninsulas  and  lagunes 
into  dry  land.  The  Norwegians  in  1877  found  drift-wood  on 
the  inner  shores  of  lagunes  there  which  no  longer  have 
access  to  the  sea  (see  Hahn,  ihid,^  p.  125). 

Turning  eastward  we  come  to  Novaya  Zembla.  As  long  ago 
as  1664  we  find  Captain  Wm.  de  Ylaimigh,  who  sailed  along 
its  north-east  coast,  saying  that  at  a  considerable  height  on 
a  rock  on  the  smallest  of  the  three  islands  of  Olange  he  found 
a  very  long  tree  that  three  or  four  men  could  not  lift.  This 
tree  was  rotten,  and  lay  much  too  high  to  have  been  brought 
there  by  water  {JProc,  GeoL  Soc,  ix.,  p.  168). 

Fielden  having  very  emphatically  denied  the  former  exist- 
ence of  any  ice-sheet  in  Novaya  Zembla,  goes  on  to  speak  of 
all  the  islands  he  was  able  to  visit  there  as  having  deposits 
of  boulder  clay  lying  on  their  undulations  and  hollows.  He 
says  he  met  with  sections  20  feet  in  depth.  The  clay  is  of 
the  same  colour  as  the  rocks  on  which  it  rests,  and  the  in- 
cluded stones  are  angular  fragments  of  the  same  rock.  "  I 
did  not,"  he  says,  ''  detect  an  erratic  or  a  rounded  stone  or  an 
ice-scratched  stone  in  any  of  this  boulder  clay.  In  many 
places  it  is  full  of  shells  of  marine  moUusca,  Saxicava  arctica 
predominating,  though  I  found  other  species  common  enough. 
In  some  localities  one  might  gather  these  shells  by  the  bushel, 
few  of  them  broken,  never  triturated,  and  in  some  cases  the 
two  valves  are  in  contact.  This  description  also  holds  good 
of  the  part  of  Greenland  I  visited,  the  abraded  ridges,  the 
deposits  of  boulder  clay  in  the  troughs  and  the  presence  of 
shells  of  mollusca  all  being  very  characteristic  features.'*  He 
accounts  for  these  widespread  deposits  of  boulder  clay  with 
the  shells  in  them  as  due  to  the  action  of  floating  ice  {Quart, 
Joum,  GeoL  Soc.,  lii.,  pp.  731,  732),  and  urges  that  they  point 
in  fact  to  the  recent  elevation  of  the  islands  above  the  sea. 

"  The  fact  remains,"  says  Fielden,  '*  that  beyond  all  doubt 

Novaya  Zembla  was  submerged  beneath  the  glacial  ocean  at 

an  epoch  contemporaneous  with  submergence  by  its  waters 

of  vast  tracts  of  Europe,  Asia  and  America.     This  sabmer- 

II.  30 
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gence  caused  a  diminution  of  the  glaciers  of  North  Novaya 
Zembla  and  freed  the  southern  pa«rts  from  them.  .  .  .  Now 
the  phenomenon  is  reversed :  Novaya  Zembla  is  rising, 
glaciers  and  n^vh  are  growing  in  size,  and  if  the  process 
continues  to  a  certain  stage,  the  whole  of  Novaya  Zembla 
will  be  once  more  clothed  with  ice,  and  will  present  the  ap- 
pearance of  an  ice  desert  such  as  we  now  see  north  of  Cross 
Bay  "  (op.  ciU,  pp.  266,  267). 

At  Grubina  Bay,  Novaya  Zembla,  Pearson  speaks  of  a 
shingle  beach  showing  several  terraces,  on  the  highest  of 
which  was  a  much  decayed  tree  25  feet  long  and  15  inches  in 
diameter  {Beyond  Petshora^  p.  129).  Saline  lakes  have  been 
found  in  Novaya  Zembla  which  point  precisely  the  same  moral. 

East  of  Novaya  Zembla,  Captain  Mark,  who  made  a  journey 
there  in  1871,  found  the  barren  and  sandy  islands  known  as 
the  Grulf  Stream  Islands.  In  the  spot  where  these  now  are 
the  Dutch  in  1594  found  and  measured  a  sand-bank  in  sound- 
ings of  eighteen  fathoms,  showing  an  upheaval  here  of  100  feet 
in  300  years.  In  the  same  year  Captain  Nils  Jonson  landed  in 
the  country  called  Wiche  Land  in  the  map  of  1617,  situated 
About  30  E.L.  and  78  N.L.  He  says  that  the  shores  there, 
for  a  distance  of  100  miles  inland  and  to  a  height  of  about 
20  feet  above  high-water  mark,  were  covered  with  drift-wood 
(Ocean  Highways,  pp.  247,  292).  Turning  to  the  island  of 
Waigatz,  which  lies  between  Novaya  Zembla  and  the  mainland, 
and  has  been  recently  carefully  explored,  Pearson  says : — 

*'  There  can  be  no  question  that  the  entire  island  of  Waigatz 
has  in  very  recent  geological  times  emerged  from  the  ocean. 
It  has  no  mountains.  Its  highest  ridges  probably  do  not  exceed 
300  feet,  whilst,  as  a  rule,  they  are  much  lower;  the  troughs 
and  valleys  are  very  often  filled  with  marine  glacial  clay  of 
the  same  character  as  that  now  forming  under  water  in  the 
bays  and  around  its  shores.  These  deposits  on  the  land  con- 
tain moUuscan  remains  and  tests  of  foraminifera  of  the  same 
species  as  we  now  dredge  up  from  the  neighbouring  sea.  At 
the  present  day  no  permanent  snow  or  ice  remains  on  Waigatz, 
nor  are  moraines  to  be  met  with,  nor  any  signs  of  rock  glacia- 
tion  by  land  ice  which  might  not  plausibly  be  assigned  to 
glacio-marine  action. 

"  We  meet,  however,  with  rock  glaciation  on  the  summits 
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of  ridges.  .  .  .  At  lower  altitudes  we  may  observe  the  rounded 
ice-polished  basement  rock  standing  up  from  the  marine-boreal 
clay  of  the  tundra  like  rounded  ice-worn  skerries  from  the 
sea.  .  .  .  When  we  stand  on  the  sea-shore,  we  find  precisely 
the  same  polishing  and  rounding  of  the  rocks  and  islets  as 
we  may  observe  on  the  ridges,  only  the  pohshing  at  the  tide 
line  and  below  the  water  is  of  a  more  general  and  apparently 
more  recent  character  than  that  which  we  meet  with  on  the 
higher  ridges  of  the  island.  The  p3lishing  of  the  hard  Silurian 
limestone  on  which  the  beacon  at  Cape  Greben  stands  is  a 
good  example  of  the  rounding  of  much  of  the  present  coast 
hne  of  Waigatz"  (op.  cii.,  pp.  270,  271). 

"  Bound  Beluga  Bay  at  the  Matyushin  Shar  and  on  both 
sides  of  its  eastern  outlet  we  find  raised  beaches.  Cape 
Yuchadnoi  at  its  eastern  outlet  is  a  bold  headland  built  up  of 
four  or  five  stupendous  sea-beaches.  The  highest  is  about 
500  feet  above  the  sea,  and  they  are  separated  from  each  other 
by  slopes  of  about  100  feet  in  height,  with  broad  and  level 
terraces  between  them.  A  similar  series  of  colossal  terraces 
occurs  on  the  opposite  shore  of  the  strait,  and  can  be  traced 
for  many  miles.  The  500-foot  terra.ce  can  be  traced  for  miles 
around  Beluga  Bay.  We  found  sections  of  it  at  this  height 
where  accumulations  of  shells  existed,  chiefly  Saxicava  arctica 
and  Astarte  borealis. 

"  The  100-foot  terrace  which  winds  round  the  hillsides  of 
Beluga  Bay  is  especially  interesting,  as  it  has  a  common 
origin  with  a  series  of  outlines  in  the  shape  of  rounded  hills 
and  eminences,  now  detached  to  some  distance  from  the  line 
of  terrace,  and  bordering  the  present  sea-shore.  .  .  .  North- 
ward of  Seal  Harbour  one  of  these  eminences  is  exactly  100 
feet  high,  is  composed  of  rounded  stones,  sand  and  gravel, 
and  formed  of  precisely  the  same  materials  as  the  terrace 
skirting  the  slopes  of  the  hills  at  a  quarter  to  half  a  mile 
distant.  Several  other  similar  hills  are  to  be  seen  along  the 
eastern  shore  line  of  Beluga  Bay,  between  Seal  Harbour  and 
Freddy  Straits.  If  their  origin  was  not  so  patent  we  might 
have  confounded  them  with  eskers. 

*'  At  elevations  up  to  1,000  feet  on  the  hillsides  bordering  the 
Matyushin  Shar  we  came  across  patches  of  rounded  water- 
worn  pebbles  that  seemed  to  be  remnants  of  still  loftier  sea- 
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beaches.  ...  It  is  a  very  remarkable  fact  that  the  medial 
moraine  of  the  Ibis  Glacier  in  Zuvolka  Fiord  is  largely  com- 
posed of  water-worn  pebbles  as  round  as  golf  balls.  The 
water- worn  pebbles  undoubtedly  came  from  nvmaiaks  some  ten 
miles  inland.  It  appears  probable,  says  Fielden,  that  the 
glacier  was  eroding  old  sea  deposits,  and  transporting  their 
rounded  pebbles  over  the  glacier.  These  nwnaiakz  cannot  be 
less  than  1,000  feet  above  the  present  sea-level.  ...  In  other 
parts  of  the  polar  regions  the  changes  of  level  are  equally 
marked,  for  in  Grinnell  Land  post-tertiary  deposits  are  widely 
developed  at  altitudes  of  1,000  feet "  (Pearson,  op.  cii.,  pp.  272, 
273). 

Fielden  compares  these  terraces  with  the  deltas  now  forming 
on  the  coasts  of  Novaya  Zembla,  which,  he  says,  they  exactly 
resemble.  Sections  of  the  terraces,  he  adds,  some  100  feet 
thick,  show  them  to  be  of  a  very  heterogeneous  structure  of 
sand,  gravel,  rounded  pebbles  and  rounded  stones ;  they  present 
no  signs  of  stratification,  although  they  are  formed  of  mixed 
materials  deposited  on  a  large  scale  in  shallow  waters  and 
exposed  to  the  tides  of  a  Novaya  Zembla  fiord  (op.  ctt., 
pp.  273,  274). 

Describing  the  great  deposits  of  sand  and  clay  at  Cape 
Matyushin,  on  the  east  coast  of  Waigatz,  which  extend  for 
several  miles,  he  says  they  fringe  the  coast  as  a  range  of  low 
hills  50  to  100  feet  in  height.  ''  The  sections  we  examined 
show  no  definite  signs  of  stratification.  In  this  they  agree 
with  the  beds  at  Kolguef,  likewise  in  the  number  of  ice- 
scratched  boulders  which  both  contain.  Some  of  these  at 
Matyushin  are  of  great  size ;  one  of  hiotite  granite  was  almost 
a  perfect  sphere  as  high  as  a  man.  Mr.  Joseph  Wright 
detected  foraminifera  and  sponge  spicules,  the  latter  in  abund- 
ance in  these  beds."  Fielden  argues  from  the  want  of  strati- 
fication and  the  large  boulders  scattered  throughout  the  mass 
that  they  were  deposited  in  a  sea  deep  enough  to  be  removed 
from  the  influence  of  tides.  These  Matyushin  beds  pass  by 
ahnost  imperceptible  gradations  into  the  grey  marine  clays, 
with  shells  of  recent  mollusca  that  now  form  the  surface  of 
the  present  tundra  land.  ''  The  grey  foraminiferal  clay  is 
the  most  widely  dispersed  deposit.  We  find  it  spread  over 
the  tundra  land  of  Arctic  Bussia,  over  Waigatz  and  over 
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Novaya  Zembla,  where  it  is  to  be  met  with  in  valleys  and  the 
slopes  of  hills  up  to  an  altitude  of  at  least  500  feet,  always 
forming  the  surface  layer.  Throughout  its  distribution  it  is 
very  homogeneous  in  character.  Precisely  the  same  clay 
comes  up  in  the  dredge  or  on  the  flukes  of  the  anchor  in  the 
Straits  of  Yugor,  in  Dolga  Bay,  and  other  anchorages  on  the 
coasts  of  Waigatz.  When  brought  up  from  the  bottom  of 
the  sea  it  is  an  unctuous  mud ;  in  the  land  deposits  it  turns 
into  a  stiff  tenacious  boulder  clay.  It  is  in  this  deposit  that 
shells  of  recent  molluscs  frequently  occur,  and  every  sample 
that  has  been  examined  by  Mr.  Wright  shows  that  it  is  rich 
in  the  tests  of  foraminifera  "  (ibid.^  pp.  274,  275). 

Mr.  Wright  in  his  report  says  that  foraminifera  occurred 
in  all  the  samples  of  clay  submitted  to  him  by  Fielden,  all 
apparently  of  living  forms.  Two  species  of  Cassidulina  were 
much  larger  than  living  specimens,  many  specimens  being 
three  diameters  larger,  or  twenty-seven  times  the  size  in  bulk 
of  these  species  as  now  found  in  the  British  Isles.  "Nearly 
all  the  stones  which  occurred  in  the  clays  were  more  or  less 
rounded,  and  presented  the  appearance  of  having  been  worn 
by  marine  action.  Wright  suggests  that  when  the  forami- 
nifera were  frequent  the  clays  were  deposited  in  still  waters, 
and  when  infrequent,  in  rapid  currents  "  {ibid.,  p.  298). 

In  a  ravine  in  Waigatz,  Pearson  says  he  saw  the  largest 
collection  of  drift-wood  he  had  seen  in  the  Axctic.  All  the 
wood  was  very  old  and  decayed ;  some  of  the  trees  were  35 
to  40  feet  in  length  and  over  a  foot  in  diameter.  '*  The  mass 
of  drift-wood  extended  quite  300  yards  up  the  valley,  above 
the  highest  recent  tide-marks ;  and  that  at  the  top  must  have 
been  35  feet  above  present  sea-level,  telling  of  a  considerable 
elevation  of  the  land  since  it  floated  in  from  the  sea.  From 
what  I  have  observed  of  wood  in  the  Arctic,  I  have  little 
hesitation  in  saying  that  none  of  it  had  been  there  less  than 
300  years,  and  some  probably  much  longer  "  {op.  ait,  p.  111). 

Pearson  speaks  of  Kolguef  Island,  which  is  situated  in  the 
throat  of  the  White  Sea,  "  as  a  great  bank  which  has  been 
gradually  raised  above  the  sea-level  during  recent  geological 
time,  together  with  the  whole  northern  coast  of  Europe" 
{Beyond  Petshora  Eastward,  i. ,  p.  20).  Turning  to  the  Continent, 
Murchison,  Keyserling  and  Yemeuil  long  ago  described  the 
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marine  loam  and  sand  containing  shells  of  living  species  spread 
over  the  wide  tundras  250  miles  to  the  south  of  the  White 
Bea  and  on  the  banks  of  the  Dwina  and  fche  Yaga,  the  shells 
in  which  had  not  lost  their  colours.  The  Bremen  expedition 
of  1876  brought  home  from  the  tundra  deposits  of  the  Lower 
Ob  fifty-one  kinds  of  sub-fossil  shells  like  those  still  living  in 
the  Kara  Sea. 

M.  de  Middendorf  states  that  the  ground  of  the  Siberian 
tundras  is  in  a  great  part  covered  with  a  thin  coating  of  sand 
and  fine  clay,  exactly  similar  to  that  which  is  now  deposited 
on  the  shores  of  the  Frozen  Ocean.  In  this  clay,  which 
contains  in  such  large  quantities  the  buried  remains  of  mam- 
moths, there  are  also  found  heaps  of  shells  perfectly  identical 
with  those  of  the  adjacent  ocean.  Far  inland,  besides,  traces 
of  drift-wood  are  seen,  the  trees  which  once  grew  in  the 
forests  of  Southern  Siberia;  these  trees,  having  been  first 
carried  into  the  sea  by  the  current  of  the  rivers,  have  been 
thrown  up  by  the  waves  on  the  former  coast,  which  are  now 
deserted  by  the  sea  (Beclus,  ThA  Earth,  ii.,  pp.  627,  628). 
Our  chief  authority  for  the  shores  of  the  Arctic  Sea  is  Von 
Wrangel,  and  from  his  travels  I  shall  quote  freely.  "  In  1810, 
Hedenstrom  went  across  the  tundra  direct  to  Utsjansk.  He 
says  that  on  the  tundra,  equally  remote  from  the  present  line 
of  trees,  among  the  steep  sandy  banks  of  the  lakes  and  rivers, 
are  found  large  birch-trees,  complete  with  bark,  branches 
and  roots.  At  first  sight  they  appear  well  preserved,  but  on 
digging  them  up  they  are  found  to  be  in  a  thorough  state  of 
decay.  On  being  lighted  they  glow,  but  never  burst  into 
flame;  the  inhabitants  use  them  for  fuel;  they  call  them 
Adamoushina,  or,  of  Adam's  time.  The  first  living  birch- 
trees  are  not  now  found  nearer  than  three  degrees  to  the  south, 
and  then  only  as  shrubs."  Again,  in  1811,  Sannikof  reports 
that  he  found  the  skulls  and  bones  of  various  animals  in  the 
interior  of  Kotelnoi  Island,  and  that  both  there  and  in  New 
Siberia  he  found  large  trees  partially  fossilised.  These  islands 
have  apparently  all  been  recently  submerged,  for  it  is  reported 
that  the  greatest  stores  of  mammoth  ivory  are  now  got  from 
the  sand-banks  which  are  constantly  appearing  near  the  Bear 
Islands ;  the  barren  surface  of  the  latter,  a  conglomerate  of 
bones,  stones  and  ice,  has  all  the  character  of  a  recently 
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recovered  sea  bottom.  Wrangel  tells  us  that  ribs  of  whales 
are  often  found  on  the  west  coast,  and  that  whales  are  now 
very  seldom  seen  on  the  Siberian  coast,  while  in  the  eighteenth 
century  their  appearance  there  was  much  more  frequent.  The 
cause  for  this  desertion  is  that  assigned  by  the  Spitzbergen 
fishermen,  namely,  that  the  sea  is  becoming  too  shallow  for 
the  whale.  "  The  shores  of  the  Polar  Sea,  from  the  Lena  to 
Bering  Strait,  are  for  the  most  part  low  and  flat.  In  winter 
it  is  hard  to  say  where  land  ends  and  sea  begins.  A  few  versts 
inland,  however,  a  line  of  high  ground  rwrvs  'parallel  with  the 
present  coast,  and  formerly  no  doubt  constituted  the  boundary 
of  the  ocean.  This  behef  is  strengthened  by  the  quantity  of 
drift-wood  found  on  the  upper  level,  and  also  by  the  shoals  that 
run  far  out  to  sea,  and  will  no  doubt  become  dry  land."  Again  : 
''At  several  places  along  the  coast  we  found  old  weathered 
drift-wood  at  the  height  of  two  fathoms  above  the  present  level 
of  the  sea,  while  the  fresh  drift-wood  lay  on  a  lower  level.  This 
indicates  change  of  level  ^  Again:  "Captain  Sarytschew  says 
the  winter  dwellings  erected  by  Laptef  on  the  bank  where 
his  vessel  was  driven  on  shore  lead  to  the  belief  that  the 
channel  must  formerly  have  been  on  that  side.  At  present 
there  is  no  water  there  for  a  vessel  of  any  size,  and  even  a 
boat  can  only  approach  at  high  water.  At  low  water  the 
shoal  runs  three  versts  out  to  sea"  (Von  Wrangel,  Sabine's 
Translation,  cvii.).  Diomed  Island,  described  by  Chalavrof  in 
1760,  and  by  Laptef  at  a  later  date,  no  longer  exists  :  it  now 
forms  a  part  of  the  main.  The  same  voyagers  describe  the 
east  coast  of  the  Swatoi  Noss  as  very  sinuous :  it  is  now  very 
straight,  the  sinuosities  having  meanwhile  disappeared.  These 
facts  will  suffice  to  prove  that  so  far  as  we  have  any  evidence, 
the  whole  Siberian  coast,  as  far  as  Bering  Strait,  is  rising 
from  the  sea. 

In  Mr.  Grieves'  translation  of  the  History  of  Kamtchatka 
(p.  54),  I  find  it  stated,  in  the  description  of  Bering  Island 
and  the  adjacent  island,  that  thirty  fathoms  higher  than  the 
sea-mark  lie  wood  and  whole  skeletons  of  sea  animals  which 
have  been  left  by  the  sea.  He  speaks  of  one  of  the  rivers  at 
Ochotsk  as  being  now  dry ;  this  is  probably  caused  by  up- 
heaval. And  in  describing  the  Penschinska  Sea,  he  says  he 
had  seen  ''  trees  which  are  not  to  be  found  in  the  country 
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hanging  oat  of  the  earth,  and  more  than  seven  feet  below  the 
surface  " ;  whence,  he  says,  it  may  be  concluded  that  all  these 
barren,  boggy  places,  where  at  present  there  are  no  woods  but 
shrubs  and  stunted  sallows  and  birches,  were  once  covered  with 
water,  which  has  decreased  here,  as  it  has  on  the  north-east 
coast  (Von  Wrangel,  Sabine's  Translation,  pp.  59-61). 

So  long  ago  as  1778  Captain  Cook,  writing  of  the  shores  of 
Bering  Strait  near  Cape  Denbigh,  says:  ''After  breakfast 
a  party  of  men  were  sent  to  the  peninsula  for  brooms  and 
spruce.  ...  It  appeared  to  me  that  this  peninsula  must  have 
been  an  island  in  remote  times,  for  there  were  marks  of  the 
sea  having  flowed  over  the  isthmus.  And  even  now  it  ap- 
peared to  be  kept  out  by  a  bank  of  sand,  stones  and  wood 
thrown  up  by  the  wave&  By  this  bank  it  was  evident  that 
the  land  was  here  encroebching  upon  the  sea,  and  it  was  easy 
to  trace  its  gradual  formation  "  (Cook's  Voyages,  1842  edit.,  ii., 
p.  344). 

Coxe,  describing  the  voyage  of  Captain  Eremtzin  and  Lieu- 
tenant Levashef  in  1768-69,  says :  ''  The  St  Catherine  vmitered 
in  the  Strait  of  Alaska  and  was  drawn  into  shoal  water.  The 
instructions  set  forth  that  a  private  ship  had  in  1762  found 
there  a  commodious  harbour,  but  the  captain  looked  for  it  in 
vain.  .  .  .  May  not  this  allow  the  conjecture  that  the  coast 
had  undergone  considerable  changes,  even  since  the  year 
1762?  "  (Coxe's  Bussian  Discoveries,  p.  251). 

Becently  Bussian  travellers  have  discovered  on  the  coast  of 
the  great  island  of  Saghalien,  north  of  Japan,  heaps  of  modem 
shells  lying  not  far  from  the  shore  in  beds  of  marine  clay, 
and  also  speak  of  former  bays  which  are  now  converted  into 
lakes  or  salt  marshes. 

In  Whymper's  account  of  his  journey  to  Alaska  I  find  him 
saying:  "The  island  of  St.  Michael's  is  covered  with  moss 
and  berries,  resting  on  a  bed  of  clay,  but  more  commonly 
on  a  porous  lava  rock.  The  formation  apparently  extends  to 
the  Yukon.  The  Indians  have  a  tradition  that  the  island 
was  upheaved  from  the  sea,  an  occurrence  at  least  possible. 
A  large  rock  in  the  chain  of  the  Aleutian  Islands,  known  to 
the  Bussians  as  Bajaslov  Volcano,  rose  from  the  sea  in  1796." 
Zagoskin  says  that  the  spot  where  the  fort  (t.6.,  Fort  Yukon) 
now  stands  has  been  covered  by  the  sea  within  the  memory 
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of  the  Indians  living  at  the  date  of  his  visit  in  1842  and  1843  " 
{Jcfwm,  Boy,  Geo.  Soc.^  xxxviii.)-  Grant  tells  us  that  in  Van- 
couver Island  a  raised  sea-beach  with  scanty  soil  is  mentioned 
as  extending  with  a  breadth  of  from  300  to  500  yards  all  along 
the  north-east  end  of  the  harbour  of  Port  St.  Juan  (ch.  xxvii, 
p.  286 J. 

This  survey  of  the  lands  surrounding  the  North  Pole  makes 
it  plain  that  the  whole  area  is  undergoing  a  general  movement 
of  upheaval,  or  rather,  we  everywhere  find  traces  in  all  direc- 
tions that  there  has  been  a  movement  of  upheaval  since  there 
was  any  subsidence. 

This  continuous  upheaval  of  land  in  the  highest  latitudes 
is  only  consistent,  as  I  have  argued,  with  a  continued  increase 
in  the  severity  of  its  climate,  and  it  is  plain  that  since  it  began 
there  must  have  been  a  pr%ress  there  from  a  more  temperate 
to  a  more  severe  climate,  involving  an  increase  in  the  amount 
of  snow  above  the  snow  line,  the  growth  of  larger  glaciers, 
the  dispersal  of  larger  iceb^gs,  and  the  increase  in  the  quantity 
of  purely  marine  ice.  Have  we  any  direct  evidence  that  such 
a  climatic  change  in  such  a  direction  has,  in  fact,  taken 
place?  It  seems  to  me  that  the  evidence  of  this  is  plain 
and  abundant.    Let  us  first  turn  to  Iceland. 

That  the  climate  of  Iceland  has  been  getting  more  severe 
was  long  ago  suggested  by  the  famous  traveller  Henderson. 
Inter  alia,  he  says :  ''It  is  evident  from  ancient  Icelandic 
documents  that  on  the  arrival  of  the  Norwegians,  and  for 
several  centuries  afterwards,  pretty  extensive  forests  grew  in 
different  parts  of  the  island,  and  furnished  the  inhabitants 
with  wood  both  for  domestic  and  nautical  purposes.  Owing, 
however,  to  their  improvident  treatment  of  them,  and  the 
increased  severity  of  the  climate,  they  have  almost  entirely 
disappeared/' 

Elsewhere  we  read :  "  In  the  Middle  Ages  the  south-west 
parts  of  the  island  were  covered  with  forests,  and  the  old  sagas 
report,  without  attributing  anything  extraordinary  to  the  fact, 
that  the  house  and  boat  builders  went  to  cut  logs  in  the 
adjacent  forests  "  (*'  Suarfdvela  Saga,"  A.  Geffrey,  Bevue  des 
Deux  Mondes,  1st  November,  1875). 

Olafsson  and  Palsson,  who  themselves  saw  a  tree  12  metres 
high,  heard  speak  of  a  ship  built  of  oak  which  was  launched 
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in  the  Hval  Fjorde,  north  of  Beykjavik,  and  thence  went  to 
Norway.  These  travellers  in  their  travels  foand  numerous 
iron  forges,  and  it  was  probably  the  forgers  who  destroyed  the 
forests  (Beclus,  op.  cit.,  iv.,  p.  925). 

Mr.  Watts,  in  his  well-known  joamey  across  the  Vatna 
Joknll,  tells  as  that  in  passing  through  woods  of  birch  and 
willow  on  the  banks  of  the  Grava  lands,  he  noticed  that  the 
largest  wood  was  dead.  As  on  the  upper  fjelds  in  Norway 
trees  will  no  longer  grow  where  they  once  grew,  and  the  fact 
is  in  all  probabihty  due  to  the  general  elevation  of  the  country 
which  has  reduced  its  mean  temperature  and  made  its  climate 
more  harsh. 

From  Greenland  the  evidence  is  very  curious  and  very 
interesting,  since  it  seems  only  explainable  as  directly  re- 
sulting from  the  law  which  I  have  striven  to  establish, 
namely,  that  the  increase  or  decrease  of  the  local  glaciers, 
which  is  a  measure  of  the  severity  of  the  climate,  is  depen- 
dent on  the  rising  or  sinking  of  the  land. 

As  we  have  seen,  there  is  an  oscillation  in  Greenland  in 
this  respect.  While  to  the  north  of  the  seventy-fourth  parallel 
it  is  rising,  to  the  south  it  is  apparently  sinking.  Now,  in  the 
north  of  Greenland  the  glaciers  seem  undoubtedly  to  have 
been  growing  and  extending  over  districts  where  formerly 
a  more  temperate  climate  prevailed,  and  notably  in  the  days 
of  the  Norwegian  settlement.  The  ice  has  in  many  cases 
encroached  upon  the  dweUings  and  hunting-grounds  of  the 
Esquimaux,  which  are  no  longer  habitable,  and  the  skulls 
of  the  musk  sheep,  etc.,  have  occurred  where  these  animals 
can  no  longer  find  feeding  ground. 

"  Of  late  years,*'  says  Nordenskiold, "  the  rowing  of  an  umiak 
in  Tessuvisarsoak  has  been  rendered  difficult  by  ice-blocks 
fallen  from  the  glacier,  which  is  said  not  to  have  been  the  case 
formerly ;  and  one  of  our  rowers,  Henry  Sissarmiak,  even 
affirms  that  he  rowed  without  obstruction  seven  years  ago 
round  an  island  which  now  forms  a  peninsula  jutting  out 
from  the  margin  of  the  inland  ice."  Many  similar  examples 
in  North  Greenland  are  adduced.  Thus,  for  example,  the 
glacier  that  issues  into  Blasedal,  near  Godhavn,  has,  since 
the  time  when  Dr.  Bink  mapped  that  place,  advanced  much 
further  into  the  valley  ;  in  the  fiords  around  Omenak  the  ice 
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'  has  advanced  considerably  within  the  memory  of  man ;  a  path 
formerly  often  frequented  between  Sarf arfik  and  Sakkak  is  now 
closed  by  inland  ice,  etc.  A  similar  case  occurs  in  Jakobshavn. 
**  In  a  word,"  he  says,  "  this  fiord  is  now  filled  throughout  its 
whole  length  with  huge  icebergs,  which  completely  close  it 
even  to  kayaks.  The  shores  of  the  fiord  are  therefore  imin- 
habited  and  seldom  visited.  A  tradition  exists,  however, 
among  the  Greenlanders  that  the  fiord  was  in  former  times 
less  obstructed  by  ice,  and  was  consequently  a  good  hunting 
and  fishing  place ;  and  this  is  confirmed  by  the  older  maps 
of  the  fiord,  but  especially  by  the  numerous  remains  of  old 
dwellings  which  are  still  met  with  along  the  shores.*'  He 
says  **  there  can  be  no  doubt  that  in  many  parts  of  North 
Greenland  the  inland  ice  is  certainly  gaining  ground  "  {fjteoh 
Jlfo^.,  1872,  pp.  367,  412). 

"  There  is  no  doubt  in  my  mind,"  says  Kane,  "that  at  a 
time  within  historical  and  even  recent  Umits  the  climate  of 
this  region  (i.e.,  Northern  Greenland)  was  milder  than  it  is 
now.  .  .  .  The  stone  huts  of  the  natives  are  found  scattered 
along  the  line  of  the  bay  in  spots  now  so  fenced  by  ice  as  to 
preclude  the  possibility  of  hunting,  and,  of  course,  of  habitation, 
by  men  who  rely  on  it  for  subsistence.  Tradition  points  to 
these  as  once  favourite  hunting-grounds  near  open  water. 
At  Benslaer  Harbour,  called  by  the  natives  Annatak,  or 
'  the  thawing  place,'  we  met  with  huts  in  quite  tolerable  pre- 
servation, with  the  stone  pedestals  still  standing  which  used 
to  sustain  the  carcases  of  the  captured  seals  and  walruses. 
Sunny  Gorge,  and  a  large  indentation  in  Dallas  Bay  which 
bears  the  Esquimaux  name  of  '  the  inhabited  place,'  shows  us 
the  remains  of  a  village,  surrounded  by  the  bones  of  seals, 
walruses  and  whales,  all  now  cased  in  ice  "  (Arctic  Explora- 
tions, i.,  pp.  308,  309). 

Kaluhmak,  an  old  Esquimaux,  told  Hayes  that  it  was  a 
well-established  tradition  of  their  tribe  that  the  Esquimaux 
once  extended  both  to  the  north  and  the  south,  and  that 
finally  the  tribe  now  inhabiting  the  coast  from  Cape  York 
to  Smith  Sound  were  cut  off  by  the  accumulation  of  ice  as 
well  above  as  below  them.  The  ice  has  accumulated  in 
Smith  Sound  as  in  Melville  Bay ;  and  what  were  once  evi- 
dently prosperous  hunting-grounds,  up  to  the  very  face  of 
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Humboldt  Glacier,  are  now  barren  wastes,  where  a  living  thing 
rarely  comes.  At  various  places  along  the  coast  Dr.  Kane 
found  the  remains  of  ancient  huts ;  and  lower  down  the  coast, 
towards  the  mouth  of  the  Sound,  there  are  many  of  more 
recent  date  (iWi.,  p.  337).  So  much  for  the  north  of  Green- 
land. The  evidence  from  the  south  of  Greenland,  where  the 
land  is  sinking,  seems  to  be,  as  it  ought  theoretically  to  be, 
just  opposite  to  this,  and  the  glaciers  there  seem  to  be  retreat- 
ing.   Let  us  move  on,  however. 

Nordenskiold  points  to  many  circumstances  proving  that 
the  glaciers  in  Spitzbergen  have  during  the  last  few  centuries 
not  retreated  but  advanced  considerably,  as,  for  instance,  at 
Horn  Sound.  That  sound  was  apparently  well  known  to  the 
Dutch,  as  an  old  chart  marks  two  anchorages  there.  They 
describe  it  as  stretching  one  of  its  arms  containing  two 
islands  somewhat  northward,  but  at  present  this  arm  is 
occupied  by  an  inmiense  glacier,  and  excepting  some  small 
rocks  there  are  no  islands  to  be  found  in  the  bay. 

A  similar  case  was  noticed  by  M.  Bobert  at  one  of  the  arms 
of  Becherche  Bay  (Bell  Sound),  and  most  likely  analogous 
circumstances  very  much  changed  the  shape  of  Stor  Fiord, 
the  bottom  of  which  is  occupied  by  an  extensive  and  low 
glacier  stretching  in  an  even  slope  as  far  as  Mount  Ghydennis. 
The  large  islands  which,  according  to  old  charts,  were  situated 
at  the  inner  extremity  of  the  bay,  cannot  be  the  same  small 
islets  that  are  now  to  be  found  there,  and  it  seems  more  prob- 
able that  Mount  GoUand,  now  encompassed  by  glaciers  and 
some  other  neighbouring  mountains  similarly  shut  up  by  ice, 
were  at  the  time  the  whalers  visited  them  surrounded  by 
water,  and  identical  with  those  islands  which  on  the  old 
charts  are  called  Sea  Horse  Island  and  Seal  Island.  ''  At  BeU 
Sound  I  myself  witnessed  a  most  striking  proof  of  glaciers 
thus  descending  upon  tracts  hitherto  free  from  ice.  On  the 
north  coast  of  Bell  Sound,  directly  to  the  east  of  the  large  island 
which  separates  Van  Nugens  Bay  from  the  main  bay,  there 
existed  only  a  few  years  ago  one  of  the  best  harbours  in  Spitz- 
bergen. The  whalers  on  their  way  from  the  north  coast  to 
Stor  Fiord  used  often  to  anchor  at  this  harbour  in  order  to 
hunt  reindeer  in  the  neighbouring  fertile  valleys,  and  this  too 
was  one  of  the  first  places  visited  by  Prof.  Torell's  expedition 
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in  1868.  .  .  .  During  the  winter  of  1860-61  the  previously 
insignificant  glacier  descended  upon  the  lowland,  and  the  great 
hillock  on  the  shore  filled  up  the  harbour  and  extended  far 
into  the  sea.  It  now  constitutes  one  of  the  largest  glaciers, 
of  Spitzbergen,  from  which  immense  blocks  of  ice  constantly 
fall  down,  so  that  not  even  a  boat  can  venture  in  safety  beneath 
its  broken  border  "  {Sketch  of  the  Geology  of  Spitzbergefiy  pp.  8, 9). 

There  is  clear  evidence  everywhere  that  in  Spitzbergen 
where  the  land  has  recently  risen  the  climate  has  become 
more  rigorous. 

At  every  point,  therefore,  where  we  can  test  them,  the 
facts  point  unmistakably  to  the  mean  chmate  of  the  Arctic 
lands  having  been  at  all  times  a  function  of  the  elevation  of 
its  land  masses  above  the  sea-level,  and  to  its  present  severity 
being  due  to  that  elevation  being  now  excessive,  and,  further, 
that  this  elevation,  which  is  still  in  progress,  has,  according  to 
all  the  evidence,  been  continuous,  and  is  the  last  movement 
which  has  taken  place  there,  and  that  coincidently  with  it 
there  has  been  a  continuous  increase  in  the  rigour  of  the 
Arctic  climate,  and  with  it  probably  also  an  increase  in  the 
rigour  of  the  climate  of  temperate  latitudes.  The  facta 
above  quoted,  instead  of  pointing  to  the  Arctic  regions  having 
escaped  from  more  glacial  conditions  and  gradually  become 
more  temperate,  point  unmistakably  the  other  way. 

If,  then,  there  ever  was  a  glacial  period  in  the  circumpolar 
lands,  such  as  the  glacialists  affirm,  it  must  have  been  not  only 
before  the  latest  rise  of  the  land  began,  but  before  it  sank  to 
the  position  from  which  it  is  still  rising,  and  when  it  must 
have  been  at  a  much  higher  elevation  than  it  is  now.  Of 
this  former  elevation  we  have,  so  far  as  I  know,  no  evidence 
whatever.  ChamberUn's  repeated  statements  to  the  contrary 
are  mere  obiter  dicta.  It  would  seem,  in  fact,  that  until  the 
current  geological  period  there  never  was  such  an  elevated  land 
in  the  North  Polar  region  as  we  now  find  there,  nor  anything 
like  the  rigorous  climate  that  prevails  there  now.  If  this  be 
so,  it  means  that  the  Arctic  lands  furnish  us  with  no  a  priori 
evidence  that  a  so-called  glacial  period  ever  existed  there  at 
all,  unless  we  can  call  the  present  and  current  period  a  glacial 
one.  Let  us  now  examine  the  more  direct  witness  they  give 
us  in  this  behalf.     We  will  first  turn  to  Iceland.     The  moun- 
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tains  of  Iceland  where  free  from  snow  seem  to  me  to  unmis- 
takably prove  that  there  never  was  a  great  mass  of  ice  there 
occupying  the  high  groond  and  polishing  and  smoothing  the 
surface.    The  contour  of  the  mountains  is  ragged  and  torn  and 
splintered,  and  in  some  places,  such  as  near  Allmanna-Gia,  it 
is  cut  into  the  most  fantastic  shapes  with  projecting  pinnacles. 
Again,  the  many  blocks  of  stone  found  there  on  the  surface 
of  the  rocks  are  not  strangers  and  true  erratics,  but  are  all 
natives.   Again,  as  Mr.  Baring  Gould,  who  has  travelled  much 
there  and  has  written  a  graphic  account  of  the  island,  says : 
^'  There  are  no  traces  of  moraines  there  except  at  the  skirts 
of  modem  glaciers  ".     He  adds  that  only  in  one  spot  had  he 
found  unmistakable  glacial  grooving,  namely,  along  the  hill 
above  Biarg  in  Mith  Fiord,  and  he  points  out  that  what  are 
really  the  results  of  the  action  of  flowing  water  in  polishing 
the  surface  had  been  mistaken  by  some  for  the  action  of  ice. 
Thus,  in  describing  the  so-called  heithis  or  fell  lands,  the 
same  writer  says :  "  These  heithis  being  exposed  to  the  action 
of  snow  water  are  much  torn  and  mangled,  the  rock  being, 
in  many  places,  quite  polished  by  the  streams,  from  the 
thawed  snows,  as  they  slide  over  them.     Mr.  Chambers,  in 
passing  this  same  tract  of  moor  from  a  different  direction, 
saw  similar  polishings,  and  at  once  put  them  down  to  glacial 
action,  and  the  furrows  caused  by  the  little  rills  to  the  strisa 
of  glacial  grooving.     I  believe  him  to  have  been  mistaken,  for 
the  following  reasons  :  the  rock  is  not  smoothed  except  where 
the  streams  flow  over  it,  and  a  slight  node  of  rock  three  inches 
high  is  quite  sufficient  to  divert  the  striae  and  alter  the  direc- 
tion of  the  polished  surface.     A  considerable  removal  of  earth 
had  taken  place  this  spring,  and  I  observed  no  marks  of 
glacial  smoothing  on  the  rock  upon  which  the  soil  had  rested ; 
it  was  ribbed  and  curdled  like  ordinary  lava  "  {Iceland,  its  Scenes 
and  Sagas^  p.  63).     Mr.  Howell,  in  a  communication  to  the 
Geological  Magazine,  in  referring  to  the  arguments  here  used, 
and  which  I  had  quoted  in  that  periodical,  says:  ''Having 
travelled  through  the  country  twice  (1890  and  1891),  mainly 
in  quest  of  the  summit  of  the  highest  peak,  I  have  had  good 
and  numerous  opportunities  of  observing  the  peculiarities  of 
its  mountain  structure.     On  the  whole,  there  can  be  no  doubt 
as  to  the  general  result  being  decidedly  in  favour  of  Sir 
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Henry's  views."  After  some  sentences  in  whiph  he  somewhat 
minimises  the  evidence  I  quoted,  Mr.  Howell  proceeds:  "It 
is  of  the  utmost  importance  to  notice  that  among  the  hard 
basalt  masses  of  the  east  and  south-east  the  lower  ridges,  up 
to  the  height  of  about  1,000  or  1,500  feet,  are  often  rounded, 
and  striations  are  not  uncommon,  but  above  that  height,  at 
elevations  which  increase  as  one  travels  inland,  these  rounded 
hill-tops  disappear,  and  sharp  pinnacles  form  the  rule.  So 
sharp  are  these  pinnacles  that  it  takes  a  stranger  some  time 
to  realise  that  they  are  not  columns  built  upon  the  mountain 
summits.  .  .  .  There  is  a  far  older  and  safer  guide  telling  of 
a  time  when  many  of  these  valleys  up  to  a  certain  level  had 
their  glaciers,  which,  however,  never  formed  part  of  an  ice- 
cap to  the  island.  So  marked  is  the  distinction  between 
these  peaks,  rounded  and  pinnacled,  that  the  conviction  I 
have  stated  fairly  forces  itself  upon  one. 

"  Further  west  along  the  south  coast  evidence  of  another 
kind  is  forthcoming  from  the  volcanic  masses  which  there 
replace  the  basalt  of  the  south-east  and  north-west.  So  soft 
are  many  of  the  ridges  that,  on  the  hypothesis  of  a  huge 
grinding  ice-cap,  they  ought  to  have  disappeared  altogether. 
Yet  there  they  remain,  loose,  shaly,  laminated  ridges  between 
which,  in  the  valleys,  lie  enormous  snow-fields,  with  drainage 
glaciers  coming  down  to  the  sea-level  now  and  overtopping 
lower  hills,  just  as  the  more  easterly  ones  used  to  do.  On 
every  hand  signs  abound,  both  of  advance  and  of  retreat, 
on  the  part  of  glaciers  acconmiodating  themselves  to  the  in- 
equalities of  their  beds,  but  none  whatever  of  ice  above  a 
definite  ascending  level,  nor  of  excavations  below  that  level " 
{Geoh  Mag.,  1893,  p.  426). 

If  we  turn  from  the  mainland  of  Iceland  to  the  islets  and 
rocks  which  surround  it  the  evidence  is  the  same.  These 
islets  stand  up  in  the  form  of  splintered  pinnacles  and  needles, 
and  form  the  best  possible  evidence  that  ice  cannot  have 
smothered  and  smoothed  the  face  of  the  country.  Thus 
Baring  Gould  says:  **Kock  needles,  which  abound  on  the 
coasts,  are  named  drangir  by  the  natives.  Some  of  these 
are  very  noble.  The  entrance  of  the  Isa  Fiord  is  guarded  by 
one  such  standing  up  from  a  platform  of  basalt  high  above 
the  water ;  it  goes  by  the  name  of  '  the  Sentinel  *.     A  curious 
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spire  of  rock  above  the  Horgardale  is  illustrated  on  plate  xii. 
There  are  needles  in  the  Skaga  Fjord  off  Drangey,  and  in  the 
Breithi  Fiord  "  dyp,  cit.,  xxix.). 

The  existence  of  these  pinnacles  and  sharp-angled  rocks 
is  inconsistent  with  the  former  existence  of  a  great  glacial 
covering.  They  would  sorely  have  been  ground  down  and 
swept  away  if  a  great  mass  of  ice  corresponding  to  that 
which  we  postulate,  when  we  speak  of  an  ice  age,  had 
formerly  prevailed.  The  evidence  of  the  physical  features  of 
the  country  is  amply  supported,  as  it  seems  to  me,  by  the 
biological  evidence.  Iceland  is  too  far  removed  from  any 
other  country  to  have  been  peopled  in  regard  to  its  fauna  and 
flora  by  scattered  and  occasional  migrant&  It  is  incredible 
that  its  mammals,  its  sedentary  birds,  its  fresh-water  fishes 
and  its  insects  could  have  reached  it  in  this  way,  much  less  its 
plants.  It  seems  impossible  to  believe  that  its  comparatively 
rich  flora  is  the  result  of  sporadic  colonisation.  Long  ago 
Pennant  wrote  in  his  ingenuous  way  that  there  are  found  in 
Iceland  309  perfect  and  233  cryptogamous  plants,  while  on  the 
Island  of  Ascension,  which  is  totally  and  aboriginally  volcanic, 
a  flora  of  not  more  than  seven  plants  is  to  be  seen.  This  means 
that  either  Iceland  has  been  connected  with  Europe  by  a  land 
bridge  since  so-called  glacial  times,  which  is  almost  incredible, 
or  that  its  flora  survived  the  so-called  glacial  age,  which  is 
much  more  probable,  and  which  means  that  nothing  like  the 
glacial  period  of  the  glacialists  ever  existed  there.  It  is  clear 
in  every  way  that  Iceland  furnishes  no  evidence  in  favour  of 
a  former  ice  age  in  which  the  land  was  covered  with  an  ice- 
sheet  and  life  was  exterminated,  but  just  the  contrary.  It 
may  have  been  that  its  glaciers  have  had  an  ebb  and  flow  in 
their  growth,  but  of  "  an  Ice  Age  "  there  is  no  evidence  there 
at  all,  and  surely  this  is  the  place  whence,  in  Western  Europe, 
such  evidence  should  be  forthcoming  if  an  ice  age  ever  existed 
at  all.     Let  us  now  turn  to  Greenland. 

The  question  in  regard  to  Greenland  was  formerly  com- 
plicated by  an  arbitrary  opinion  published  by  Dr.  O.  Torell 
(by  no  means  the  only  rash  and  mischievous  publication  on 
the  subject  of  glacial  matters  emanating  from  that  influential 
geologist).  He  expressed  the  view  that  a  large  number  of 
the  boulders  and  erratics  found  in  North  America  came  from 
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Greenland  (see  Torell  on  "  The  Causes  of  Glacial  Phenomena 
in  the  North-east  Portion  of  North  America/*  Sweriges  GeoL 
Under.,  1878,  pp.  6,  7).  As  a  matter  of  fact  this  obiter  dictum  of 
Prof.  Torell  has  been  shown  to  have  been  entirely  without 
foundation,  and  so  far  as  is  known  now  not  a  single  stone 
from  Greenland  occurs  among  the  erratic  blocks  of  North 
America,  nor  outside  of  Greenland.  Let  us  turn  to  other 
of  its  features,  therefore. 

Greenland  is  now  so  overwhelmed  with  ice  that  even  if  it 
had  had  a  former  so-called  glacial  period  we  should  not  be 
easily  able  to  disentangle  and  separate  its  traces  from  those 
of  the  Arctic  conditions  which  now  prevail  there,  so  that  we 
cannot  adduce  evidence  there  of  the  same  kind  as  we  can 
elsewhere,  namely,  old  polished  and  striated  rocks,  boulders, 
etc.  It  is,  of  course,  very  well  known  that  in  Greenland 
there  are  undoubtedly  considerable  traces  of  polishing,  scoring, 
etc.,  outside  the  range  and  reach  of  the  living  glaciers.  Thus 
Nordenskiold  refers  to  the  extensive  rounded,  polished  and 
grooved  border  of  the  land  which  almost  everywhere  separates 
the  inland  ice  from  the  extreme  coast;  and  he  goes  on  to 
argue  that  this  points  to  a  comparatively  recent  retirement 
of  the  ice,  and  he  adds,  in  addition,  that  none  of  the  number- 
less small  sea  basins  in  North  Greenland,  in  spite  of  the 
suitableness  of  the  locality  for  moss  vegetation,  have  yet 
become  filled  with  turf  even  to  the  depth  of  a  few  feet,  show- 
ing, to  use  his  own  words,  *'  that  the  slip  of  ice-free  land  is  but 
a  child  of  yesterday".  I  admit  completely  Nordenskiold's  facts, 
but  I  cannot  follow  his  inference.  As  every  one  knows,  the 
coast  of  Greenland  north  of  a  certain  latitude  is  rapidly  rising 
from  the  sea,  and  the  rounding  and  polishing  and  striating 
of  the  marginal  land  was,  it  seems  to  me,  the  result  not 
of  the  action  of  greatly  increased  land  ice,  but  of  that  most 
effective  scraper  and  polisher,  either  shore  ice,  acting  as  it  still 
does  on  this  coast  and  also  on  the  coast  of  Labrador,  or  the 
waves  themselves  when  armed  with  shingle  or  other  abrading 
tools.  Let  me,  apropos  of  this,  quote  an  apposite  sentence 
from  Hayes. 

Speaking  of  the  rise  of  the  coast  from  Cape  York  north- 

wsbrds,  he  says:  "At  many  conspicuous  points  where  the 

current  is  swift  and  the  ice  is  pressed  down  upon  the  land 
n.  31 
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with  great  force  and  rapidity,  the  rocks  are  worn  away  until 
they  are  as  smooth  and  polished  as  the  surface  of  a  table,  a 
fact  which  may  at  any  time  be  observed  by  looking  down 
through  the  clear  water.  This  smoothness  of  the  rock  con- 
tinues above  the  sea,  to  an  elevation  which  I  have  not  been 
able  with  positive  accuracy  to  determine  in  any  locality,  bat 
having  a  general  correspondence  to  the  height  of  the  terraces 
at  Port  Foulke,  which  rise  110  feet  above  the  sea-level.  At 
Cairn  Point  the  abrasion  is  very  marked,  and,  where  the 
polished  line  of  syenitic  rock  leaves  off  and  the  rough  rock 
begins,  is  quite  clearly  defined.  The  same  condition  also 
exists  at  Littleton  Island  (or  rather  McGary  Island,  which 
lies  immediately  outside  it)  to  an  almost  equally  marked 
degree  "  (Ofen  Polar  Sea,  p.  403).  This  is  a  very  interesting 
and  far-reaching  induction,  and  it  seems  to  me  quite  plain 
that  as  in  the  case  of  the  hundreds  of  rounded  and  hogbacked 
and  poUshed  surfaces  of  the  Arctic  archipelago  and  other 
northern  lands,  which  we  have  abundant  evidence  have  only 
recently  emerged  from  the  sea,  their  rounded  and  polished 
surfaces  have  nothing  to  do  with  ice-sheets,  but  are  simply 
caused  by  tidal  erosion  when  the  tide  is  armed  with  shingle 
or  shore  ice.  Let  me  support  my  view  by  that  of  two  of  my 
acute  friends. 

Speaking  of  Grinnell  Land,  De  Banco  and  Fielden  say: 
**  The  rock  surfaces  at  considerable  elevations,  between  gaps  in 
the  lines  of  old  terraces,  are  often  found  to  be  glaciated ;  and 
there  can  be  little  doubt  that  this  glaciation  was  produced  by 
shore  ice,  during  ebbing  of  the  tide,  when  the  land  stood 
lower  than  at  present ;  and  the  condition  of  the  terraces  pre- 
cludes the  idea  of  glacier  action.  .  .  .  Sea  ice  moved  up  and 
down  by  tidal  action,  or  driven  on  shore  by  gales,  was  found 
to  be  a  very  potent  agent  in  the  glaciation  of  rocks  and 
pebbles ;  the  work  was  seen  in  progress  along  the  shores  of 
the  Polar  basin  at  the  south  end  of  a  small  island  in  Black- 
cliff  Bay  (lat.  82''  30'  N .).  The  bottoms  of  the  hunmiocks,  some 
8  to  15  feet  thick,  were  studded  with  hard  limestone  pebbles, 
which,  when  extracted  from  the  ice,  were  found  to  be  rounded 
and  scratched  on  the  exposed  surface  only"  (De  Bance  and 
Fielden,  Nares*  Narrative,  ii.,  p.  343). 

Fielden  similarly  attributes  the  polishing  and  rounding  of 
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the  present  coast  line  and  islets  of  Waigatz  to  the  action  of 
pack  ice  loaded  with  gravel  and  stones,  helped  by  wind  and 
tide.  **  On  examining,"  he  says,  "the  points  of  contact  be- 
tween the  ice  and  the  islets,  we  found  the  rocks  both  below 
and  above  the  tide  line  highly  glaciated  and  scored,  whilst 
the  sides  of  the  narrow  gaps  between  the  islets  showed  similar 
results.  These  marks  of  ice  action  are  obviously  produced 
by  the  floating  ice,  because  higher  up  the  sides  of  the  islets 
they  decrease  in  intensity,  and  on  their  sunamits  are  nearly 
effaced  through  the  decay  and  splintering  of  the  rock  itself. 
Had  this  rock-grinding  been  the  result  of  a  former  ice-cap, 
we  might  with  good  reason  expect  to  find  it  as  much  in 
evidence  on  the  higher  ridges  as  at  the  present  shore  line. 
On  the  east  side  of  Waigatz,  exposed  to  the  full  weight  of  the 
Kara  Sea  pack,  the  shore  line  of  rocks  is  intensely  glaciated ; 
mounds  of  gravel  and  rocks  with  drift-wood  thrust  up  many 
feet  beyond  tide  line  testify  with  what  prodigious  force  the 
shore  ice  is  propelled.  The  basement  rock  over  which  these 
mounds  of  gravel  and  stones  have  passed  are  polished  and 
striated.  ...  At  Cape  Matiuska  the  boulder  clays  and  mud 
and  sand  beds  reach  the  imposing  thickness  of  100  feet  or 
more  of  marine  boreal  deposits.  I  therefore  find  it  difficult 
to  escape  from  a  process  of  reasoning  which  ascribes  a  common 
origin  to  phenomena  visible  on  the  land,  and  to  similar  ones 
now  in  progress  at  the  shore  line  and  in  the  surrounding 
sea"  (*Wti.,  pp.  270,271). 

It  is  almost  certain,  therefore,  that  the  polished  and  rounded 
surfaces  of  the  sea-board  of  Greenland  have  resulted  not  from 
the  polishing  of  land  ice,  but  are  the  result  of  submarine 
erosion.  This  is  not  all.  On  this  matter  I  wish  to  quote  an 
extreme  glacial  champion,  Mr.  Chamberlin.  **The  amount 
of  drift  on  the  territory  once  occupied  but  now  free  from 
ice,"  he  says,  ''is  notable  rather  for  its  scantiness  than 
its  abundance.  On  Disco  Island  it  was  found  to  be  very 
limited  except  along  the  immediate  fronts  of  the  present 
glaciers.  In  the  Inglefield  Gulf  region  there  are  at  some 
points  very  considerable  accumulations  of  drift  within  a  mile 
or  two  of  the  ice-front,  and  the  sea  bears  a  very  scant  cover- 
ing of  drift.  No  great  moraines  were  seen  nor  any  thick 
mantles  of  drift.    The  valleys  in  front  of  the  glaciers  are  well- 
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floored  with  glacial  wash,  but  even  here  the  rock  occasionally 
appears.  Considerable  delta-fans  project  into  the  golf,  bat 
none  of  them  exceed  half  a  mile  in  depth.  Consonant  with 
this  scantiness  of  drift  the  topography  of  the  borderland  shows 
only  moderate  evidence  of  glacial  subjugation.  It  is  mildly 
rounded  but  not  greatly  moulded. 

*'  Several  glaciers  on  Herbert  and  Northumberland  Islands 
showed  evidences  of  retreat ;  the  terrace-like  pedestals  which 
they  had  formerly  built  were  in  part  abandoned.  Three 
other  glaciers  showed  by  the  presence  of  old  moraines  im- 
mediately  in  front  that  in  the  past  they  had  been  more  ex- 
tended than  at  present*  These  moraines  may  be  a  few 
hundred  years  old,  but  they  offered  no  evidence  of  very  great 
antiquity.  One  glacier  was  seen  overriding  its  terminal 
moraine  in  one  portion  and  retreating  within  it  at  another. 
This,  taken  in  connection  with  the  massiveness  of  the 
moraine,  probably  indicates  that  it  has  stood  practically 
stationary  for  a  considerable  period. 

*'  The  most  remarkable  evidence  relative  to  former  extension 
is  furnished  by  a  driftless  area  on  the  east  side  of  Bowdoin 
Bay,  immediately  adjoining  the  present  great  ice-cap.  It  is 
obvious  that  at  this  point  the  ice  is  as  far  advanced  as  it  haa 
ever  been  in  the  recent  geologic  history  of  Greenland.  The 
verity  of  this  driftless  area  is  attested  not  only  by  the 
absence  of  transported  material  upon  it,  but  by  the  exceed- 
ingly angular  ragged  disintegration  of  the  harder  terraces  of 
rock  embraced  in  the  complex  gneissic  series,  and  by  the  deep 
disintegration  of  the  gneiss  itself.  The  gullies  and  ravines 
reveal  the  fact  that  the  gneiss  is  deeply  decomposed  to  a 
soft  rotten  mass,  which  is  not  only  easily  crumbled  but  is 
thrusting  the  heels  deep  into  the  softened  mass.  The  com- 
bined weight  of  all  this  evidence  puts  beyond  serious  question 
the  verity  of  the  driftlessness  of  this  region.  The  area  is 
small,  not  exceeding  three  or  four  miles  in  maximum  diameter, 
and  lies  between  the  ice  edge  and  Bowdoin  Bay  on  ground 
whose  average  altitude  is  less  than  that  of  the  glacier,  so  that 
its  immunity  from  glaciation  has  not  been  due  to  elevation. 
It  is  clear,  therefore,  that  the  ice  border  was  stayed  at  thia 
point  by  agencies  concerned  in  its  own  development,  and  not 
by  any  topographic  barrier. 
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'*  Immediately  at  the  south  of  this  small  driftless  area  there 
lies  in  front  of  the  Gable  Glacier  (which  is  but  a  short  tongae 
of  the  main  sheet)  a  stout  old  moraine,  the  surface  of  which 
has  been  notably  weathered,  and  has  become  covered  with 
vegetation  in  the  scant  fashion  of  the  region.  There  is 
nothing  in  the  nature  of  this  moraine  to  indicate  an  antiquity 
beyond  perhaps  a  few  hundred  years,  but  its  presence  at  this 
point  seems  to  indicate  that  the  ice  has  stood  in  the  vicinity 
for  a  considerable  period,  and,  therefore,  that  it  is  probably  on 
the  average  neither  much  advancing  nor  much  retreating. 

''  It  is  evident  that  the  occurrence  of  even  a  small  driftless 
area  on  a  border  of  the  widest  stretch  of  the  Greenland  ice- 
sheet  is  extremely  significant,  restricting  its  former  extension. 
The  general  scantiness  of  the  drift  over  the  territory  im- 
mediately outside  of  the  present  ice  seems  also  to  raise  doubt 
as  to  any  former  extension.  There  are  two  other  lines  of 
important  evidence  that  bear  upon  this  question.  Dalrymple 
Island  is  a  mass  of  hornblendic  gneiss  rising  from  the  water*s 
edge  to  a  height  of  perhaps  100  feet,  with  steep  slopes  and 
ragged  surfaces.  It  is  a  famous  nesting-place  of  the  eider- 
duck,  which  finds  it  suitable  to  its  purpose  because  of  this 
raggedness  of  surface.  The  island  bears  no  sign  of  glacial 
abrasion.  It  stands  at  the  mouth  of  Wolstenholme  Sound 
on  the  west  coast  in  about  latitude  76°  60'.  In  other  words, 
it  is  just  off  the  border  of  one  of  the  broadest  stretches  of 
Greenland's  ice-fielA  Thirty  or  forty  miles  distant  to  the 
west-north-west  lie  the  Gary  Islands,  which  are  formed  of 
almost  identical  rock.  They  are  very  notably  abraded  at 
heights  of  500  feet  above  the  sea.  There  also  occur  upon 
them  erratics  of  limestone,  sandstone,  shale  and  quartzite, 
wholly  unlike  anything  that  occurs  in  the  islands  themselves. 
So  far  as  I  know  no  rock  of  similar  kind  occurs  in  Greenland 
to  the  eastward.  These  erratics  appear  to  have  come  from 
the  region  beyond  Smith's  Sound  to  the  north  either  from 
Grinnell  Land  or  from  the  north-western  coast  of  Greenland, 
more  likely  the  former  than  the  latter.  It  appears,  therefore, 
that  while  a  very  notable  southerly  movement  from  the  far 
north  took  place  down  the  valley  and  reached  at  least  to  the 
Gary  Islands,  there  was  no  corresponding  movement  from  the 
east. 
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"At  the  very  first  glimpse  of  the  coastal  mountains  of 
Southern  Greenland,  I  was  impressed  by  their  pronounced 
angularity,  and  the  absence,  unless  it  were  in  the  lower 
valleys,  of  any  notable  signs  of  the  horizontal  rasping  which 
must  have  resulted  had  the  inland  ice  ever  pushed  across 
them  into  BaiSn  Bay.     Subsequently  I  saw  approximately 
a  thousand  miles  of  coast  line,  and  an  effort  was  made  to 
discriminate  the  portions  once  overridden  by  ice  from  those 
which  had  not  been.      Tracts  of  angular  unsubdued  topo- 
graphy were  found  alternating  with  tracts  of  rounded,  flowing 
contours.     About  one-half  of  the  coast  seemed  to  belong  to 
each  tjrpe.     The  inference  was  drawn  that  the  ice  formerly 
so  extended  itself  as  to  reach  the  present  coast  for  about  half 
of  its  extent,  while  in  the  remaining  portion  the  ice  fell  short. 
Combining  this  topographic  evidence  with  the  specific  data 
furnished  by  a  comparison  of  Dalrymple  Island  with  the  Gary 
Islands,  and  with  the  still  more  stubborn  facts  of  the  driftless 
area  of  Bowdoin  Bay,  the  inference  seems  unavoidable  that 
the  ice  of  Greenland  on  its  western  side  at  least  has  never 
advanced  very  greatly  beyond  its  present  border  in  recent 
geologic  times.      This  carries  with  it  the  dismissal  of  the 
hjrpothesis  that  the  glaciation  of  our  mainland  had  its  source 
in  Greenland.**     Ghamberlin  goes  on  to  postulate  a  former 
greater  elevation  of  Greenland  without  adducing  any  evidence, 
and  in  fact  quite  arbitrarily.    What  is  important  to  remem- 
ber is  the  collection  of  facts  he  quotes,  and  which  he  again 
refers  to  as  proofs  that  there  has  not  been  a  real  glacial 
period  in  Greenland,  thus :   "  The  contours  of  the  plateaus 
and  valleys  which  seem  to  indicate  a  fashioning  rather  by 
meteoric  agencies  than  by  pronounced  glaciation  and  the  drift- 
less  area  appear  to  afford  the  most  specific  ground  for  induc- 
tion ".     He  bids  us  also  bear  in  mind  ''  that  this  is  a  small 
area  between  the  present  edge  of  the  ice  and  sea-level  which 
would  be  overridden  easily  and  completely  by  an  advance 
of  the  ice  edge  of  less  than  five  miles.  .  .  .  The  raggedness 
of  Dalrymple  Island  bears  similar  testimony.     The  general 
angularity  of   the  coastal   mountains   of   South   Greenland 
throw  the  weight  of  their  evidence  in  the  same  direction." 

Chamberlin's  arguments  can  be  supported  in  other  ways, 
thus : — 
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The  presence  of  pinnacles  and  pillars  of  rock  standing  up 
with  a  perfectly  free  space  round  them,  seems  here,  as  in 
Iceland,  to  be  quite  inconsistent  with  the  former  existence 
of  an  ice-sheet  on  a  much  greater  scale  than  now  exists. 
Kane  speaks  of  three  pillars  of  greenstone  which  he  calls 
**  Three  Brothers'  Turrets  ".  These  are  situated  near  Dallas 
Bay.  At  Sunny  Gorge,  again,  north  of  TQ"",  he  speaks  of  a 
solitary  column  or  minaret  tower  as  sharply  finished  as  if  it 
had  been  cast  for  the  Place  Venddme;  the  length  of  the 
shaft  is  400  feet,  rising  on  a  plinth  itself  280  feet  high,  and 
he  named  it  **  Tennyson's  Monument ". 

This  being  the  evidence  on  the  coast,  we  can  supplement 
it  by  evidence  of  another  kind  from  the  interior  of  the  country. 
The  great  sea  of  inland  ice  in  Greenland  is  dotted  with  islets 
of  rock,  etc.,  which  are  known  to  the  Greenlanders  as  nunataks. 
The  un weathered  and  rugged  outlines  of  these  projecting  rocks 
show  they  have  never  been  smothered  by  ice,  and  show,  there- 
fore, that  the  ice  of  Greenland  has  reached  its  culminating 
point  quite  recently,  and  was  never  more  developed  than  it  is 
now,  for  if  it  had  been  so  these  nunatakker  would  have  been 
rubbed  down  smooth. 

They  are,  however,  remarkable  witnesses  for  our  contention 
in  another  way.  Quite  a  considerable  number  of  plants  have 
been  collected  from  these  nunatakker  by  the  Danish  botanists, 
and  as  the  nunataks  are  isolated  and  occur  sometimes  at 
great  distances  apart,  I  know  of  no  explanation  which  will 
account  for  this  flora  except  that  the  nunataks  instead  of 
having  been  at  no  remote  times  portions  of  a  continuous  ice- 
covered  land  surface,  were  in  fact  parts  of  a  land  surface  on 
which  much  more  moderate  conditions  prevailed.' 

It  seems  to  me  quite  impossible,  again,  that  these  rocks, 
situated  as  they  are  in  the  midst  of  the  Greenland  ice-plateau, 
could  have  got  their  animal  and  vegetable  life  from  any 
occasional  waifs.  The  lessons  of  the  Greenland  flora  are 
most  pertinent  in  this  behalf. 

In  1861  Sir  Joseph  Hooker  wrote  his  famous  paper  on  the 
distribution  pf  Arctic  plants,  in  which  he  argued  that  the  flora 

^  In  my  paper  on  this  subject,  from  which  the  above  paragraph  is  quoted 
{Oeol.  Mag.,  1898,  p.  806),  I  have  entirely  confused  the  sense  of  this  statement 
by  an  inconceivably  stupid  sentence. 
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of  Greenland  is  distinctly  of  European  tjrpe ;  that  Greenland 
is  a  sub-region  in  fact  of  the  Scandinavian  botanical  pro- 
vince. To  state  his  own  conclusion  in  his  own  words :  "  The 
flora  of  Greenland  is  almost  exclusively  Lapponian,  having 
an  extremely  light  admixture  of  American  or  Asiatic  tjrpes  ". 
This  view  had  already  been  maintained  by  Charles  Martins 
in  1839,  although  he  had  not  the  same  materials  to  work 
upon.  Speaking  of  the  plants  of  Shetland,  the  Faroes,  Ice- 
land and  Greenland,  he  says:  ''La  migration  europ^enne  est 
6videmment  pr6dominante  ".  Hooker's  view  was  maintained 
by  Blytt,  who,  writing  in  the  JotmuU  of  Botany  for  1887,  says  : 
''Even  the  Greenland  flora  consists  principally  of  Scandi- 
navian plants  '*.  Sir  Joseph  Hooker,  further,  concluded  "  that 
the  existing  Scandinavian  flora  is  of  great  antiquity;  that 
previous  to  the  glacial  epoch  it  was  more  uniformly  distributed 
over  the  polar  zone  than  it  is  now ;  that  during  the  advent 
of  the  glacial  period  the  Scandinavian  vegetation  was  driven 
southwards  in  every  longitude,  and  even  across  the  tropics 
into  the  south  temperate  zone ;  and  that,  on  the  succeeding 
warmth  of  the  present  epoch,  those  species  that  survived  both 
ascended  the  mountains  of  the  warmer  zones,  and  also  returned 
northwards,  accompanied  by  aborigines  of  the  countries  they 
had  invaded  during  their  southern  migration  ".  He  further 
says :  "  If  it  be  granted  that  the  polar  area  was  once  occupied 
by  the  Scandinavian  flora,  and  that  the  cold  of  the  glacial 
epoch  did  drive  this  vegetation  southwards,  it  is  evident  that 
the  Greenland  individuals,  from  being  confined  to  a  peninsula, 
would  be  exposed  to  very  different  conditions  to  those  of  the 
great  continents.  In  Greenland  many  species  would,  as  it 
were,  be  driven  into  the  sea,  that  is,  exterminated,  and  the 
survivors  would  be  confined  to  the  southern  portion  of  the 
peninsula.  Not  being  there  brought  into  competition  with 
other  types,  there  could  be  no  struggle  for  life  among  their  pro- 
geny, and  consequently  no  selection  of  better  adapted  varieties. 
On  the  return  of  heat  these  survivors  would  simply  travel  north- 
wards, unaccompanied  by  the  plants  of  any  other  country.*' 

The  general  conclusions  of  Hooker  and  others  about  the 
aflBnities  of  the  Greenland  flora,  and  the  widespread  induc- 
tion based  upon  them,  have  been  recently  sharply  contested  by 
two  Scandinavian  botanists.     In  1880,  Joh.  Lange,  in  his 
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Ccyru'ptci'm  Florae  Gronlandicae,  came  to  the  concluBion  that 
out  of  386  species  of  Greenland  plants  fifteen  are  endemic, 
forty  belong  to  the  Western  or  American,  and  forty-four  to 
the  Eastern  or  European  district — that  is  to  say,  are  otherwise 
only  found  in  those  districts ;  or,  interpreting  the  facts  most 
favourably  to  the  eastern  side,  there  would  be  thirty-six 
western  as  against  forty-two  eastern,  a  majority  of  six  only 
in  favour  of  the  latter. 

Some  years  later  Warming  subjected  the  botany  of  Green- 
land to  a  minute  analysis,  and  came  virtually  to  the  same 
opinion  as  Lange.  He  divides  Greenland  into  two  botanical 
provinces — a  birch  region  (JB.  sub-Alpina)  and  an  Alpine  region 
(B.  Alpina),  The  former  is  limited  to  the  extreme  south  of 
Greenland,  and  is  bounded  by  a  line  from  Cape  Farewell,  60° 
N.  lat.  on  the  east  coast,  to  about  62''  on  the  west,  and 
contains  about  sixty  species  of  plants  not  otherwise  found  in 
Greenland.  The  other  region  includes  all  the  rest  of  the 
country.  His  conclusion  is,  that  while  the  former  small 
district  contains  a  considerable  number  of  specially  European 
types,  the  latter,  viz.,  Greenland  proper,  contains  hardly  any, 
but  does  contain  a  number  of  American  ones.  The  great 
bulk  of  the  plants,  however,  of  Greenland  belong  neither  to 
Europe  especially  nor  to  America,  but  are  distinctly  circum- 
polar.  Its  fifteen  endemic  plants  consist  of  six  species  of 
Carex,  three  of  Potentilla,  EpUobvum  ambiguum,  Arabis  Breuteliij 
Campanula  gronlandica,  Calamagrostis  hyperborea,  Glyceria  lan- 
geana,  and  Poa  filipes. 

Of  the  specially  European  plants,  most  of  which  are  only 
found  in  the  extreme  south  of  Greenland,  Warming  considers 
that  a  large  proportion  have  found  their  way  there  since 
glacial  times  either  by  ocean  currents,  by  being  carried  by 
birds,  and  in  other  ways.  It  would  seem  most  certain,  in 
view  of  his  very  careful  analysis  of  the  problem,  that  Hooker's 
original  view  can  no  longer  be  maintained,  and  that  Greenland 
cannot  be  treated  as  a  section  of  the  Scandinavian  botanical 
province.  Nor  can  we  fairly  treat  it  as  a  section  of  the  North 
American  botanical  province  either.  On  the  contrary,  it  seems 
plain  that  it  forms  an  integral  part  of  what  ought  to  be  dis« 
criminated  as  a  Pan-Arctic  or  circumpolar  botanical  region. 

This  raises  some  very  important  questions,  and  notably 
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those  connected  with  the  ice  age.  The  notion  that  the  flora 
of  Greenland  was  virtually  exterminated  by  the  ice  age  and 
has  found  its  way  thither  again  since  that  period  must  go  to 
the  wall.  As  Warming  emphatically  urges,  and  we  cannot 
avoid  his  conclusion,  the  present  flora  of  Greenland  out- 
lived the  so-called  glacial  age  there.  Warming  says,  further, 
that  Greenland  during  the  ice  age  clearly  had  ice-free  land. 
The  many  Danish  geological  and  geographical  expeditions 
which  during  the  last  ten  years  have  visited  the  country  have 
mapped  it  and  described  its  geology  and  botany,  and  have 
made  it  plain  that  in  South  Greenland,  above  the  height  of 
2,000  to  3,000  metres,  there  is  no  mountain  top  showing  any 
signs  of  former  ice  action.  This  would  include  several  isolated 
mountains  along  the  west  coast,  as  far  as  TO""  of  N.  lat. 
and  a  large  part  of  the  uplands  of  South  Greenland.  Warm- 
ing emphatically  says  there  is  no  trace  here  of  a  general  ice- 
covering,  but  only  of  local  glaciers ;  it  is  here,  he  urges,  that 
the  plants  we  are  discussing  continued  to  live.  Another 
similar  vantage  for  them  was  in  North-east  Greenland,  in  the 
neighbourhood  of  Franz-Joseph  Fiord,  where  also  there  is 
evidence  that  the  land  was  not  mantled  with  ice.  Similar 
conditions  also  probably  prevailed  in  Grinnell  Land,  where 
Greely,  and  about  Discovery  Bay  in  82*"  44'  N.  lat.,  where 
Nares,  found  a  comparatively  rich  vegetation  with  several  very 
local  species. 

Wanning  further  urges  that  the  survival  of  the  present 
flora  of  Greenland  from  pre-glacial  times  is  also  attested  by 
the  rarer  plants.  Putting  aside  South  Greenland,  where 
a  considerable  number  of  the  plants  may  have  been  imported 
in  post-glacial  times,  the  second  German  polar  expedition 
found  a  number  of  plants  in  North-east  Greenland  such  as 
Fol&manium  humilet  Arabia  petrcMLy  Saxifraga  Hirculus  and  hieradi- 
folia,  Draba  altaica,  BanuncultLs  glacia^lis,  etc.,  which  are  either 
not  found  elsewhere  or  in  very  few  places.  "  It  seems  to  me 
probable,"  says  Warming,  "that  most  of  these,  probably  all, 
are  to  be  numbered  among  the  Autochthones.**  In  North- 
west Greenland  we  find  such  rarities  as  Pleuropogon  SaJnnei  And 
Hesperis  Pallasii,  which  also  probably  outlived  the  ice  period. 
Androsace  septentrionalis,  which  the  Nares*  expedition  found 
in  Grinnell  Land,  is  removed  by  a  long  distance  from  where 
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it  otherwise  occurs.  On  the  west  coast  are  other  rare  plants, 
as  RanuncvXus  glaciodis  south  of  Upernivik ;  Eutrema  Edwardsii 
in  latitude  70**  47' ;  Taraxacum  phymatocarpum  in  70°  74'  N# 
lat. ;  Utrictdaria  minor  from  68°  21'  to  69°,  elsewhere  it  occurs 
in  the  Urals  and  the  Altai.  Scirpris  parvulus,  found  in  two 
places  between  68°  and  69°  N.  lat.,  also  European  ;  Cerastium 
arvense  found  once  in  67°  5'  N.  lat. ;  Carex  helvola^  also  found 
in  67°,  and  also  European ;  Linmza  boreaHs,  found  in  1883, 
near  Ivigtut  in  61°  KX,  and  in  1884  about  67°.  Arotostaphylos 
cUpina,  sparingly  between  70°  and  65° ;  A.  uva  ursi  only  in  one 
place,  about  67°  N.  lat.,  near  Holstensborg ;  Sisymbrium  humile, 
found  in  1884  in  the  upper  part  of  **  Sondre  Stromfjorde,'*  in 
66°  30'  N.  lat.  Then  among  plants  only  found  otherwise  in 
America  and  West  Siberia :  Gentiana  tenella,  found  in  1889 ; 
Vahlodea  atrapurpurea,  Andromeda  polifolia,  Bubus  chamcsmorus, 
only  found  in  Godhavn  in  64°  10'  N.  lat.,  and  several  others^ 
"The  distribution  of  these  plants,"  says  Warming,  "seems 
to  me  to  point  to  their  being  relics  of  the  old  flora  which  have 
survived  in  favourable  localities."  He  further  argues  that 
while  some  plants  have  managed  to  survive,  others  have 
succumbed,  and  notably  such  widespread  genera  as  Chrysos- 
plemum  and  Galtha,  and  also  the  various  genera  of  Oxytropis, 
Astragalus,  Phaca,  etc.,  which  are  so  widely  spread  in  Alpine 
districts,  and  also  in  the  Arctic  regions,  but  are  not  found  in 
Greenland.  One  of  the  most  notable  absentees  from  Green- 
land is  the  Salix  polaris,  which  occurs  in  Spitzbergen,  Scandi- 
navia, North  Bussia,  Siberia,  and  North  America  as  far  as 
Davis  Straits. 

The  evidence  of  the  plants  is  confirmed  by  that  of  the 
shells  in  the  raised  beaches.  Thus,  we  read  of  the  pleistocene 
shells  in  the  clay  beds  at  Sarpiurssak  in  Greenland,  and  the 
remains  of  fish  from  the  same  place,  discovered  by  Dr.  Bink. 
"  A  collection  of  them  was  sent  home  and  examined  by  Dr. 
0.  A.  Morch,  who  found  that  the  molluscs  consisted  partly 
of  shells  still  living  on  the  Greenland  coast  and  partly  of 
molluscs  which  now  live  only  in  more  southern  latitudes." 

De  Bance  and  Fielden  remark  on  the  continuity  of  the  shells 
in  the  mud-banks  of  that  very  northern  land,  Grinnell  Land, 
with  those  in  the  neighbouring  seas,  and  the  occurrence  in 
the  same  mud-beds  of  bones  of  the  lemming,  ringed  seal^ 
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reindeer  and  mask-ox  as  proving  that  the  conditions  there 
were  never  so  rigorous  as  to  preclude  the  existence  of  such 
animals,  and  they  add  what  Nordenskiold  and  others  have 
also  said :  "  We  think  it  worthy  of  note  that  no  records  of 
former  glacial  episodes  have  yet  been  discovered  in  the  polar 
lands  ". 

In  regard  to  Greenland,  therefore,  we  must  accept  the 
same  conclusion  as  to  Iceland.  All  the  available  evidence 
goes  to  show  that  in  the  so-called  glacial  age  the  climate 
instead  of  being  more  severe  was  milder  than  it  is  now. 

The  conclusions  of  Warming  and  others  about  the  flora  of 
Greenland  may  be  paralleled  by  those  of  Nathorst  in  regard 
to  Spitzbergen.  He  also  concludes  that  the  flora  of  that 
island,  instead  of  being  an  importation  since  glacial  times,  is 
really  the  wreck  and  ruin  of  what  was  once  a  much  richer 
flora  which  has  been  able  to  survive  the  drastic  conditions 
which  now  prevail  there. 

The  evidence  of  the  flora  is  confirmed  by  other  facts  in 
Spitzbergen,  t.g,y  by  the  fragments  of  marine  shells,  bones  of 
whales,  etc.,  met  with  in  the  raised  beaches  on  many  parts 
of  the  coast  of  that  island.  Thus  Keilhau  mentions  that  at 
Whale's  Point,  far  from  the  shore  and  at  a  height  of  about 
100  feet  above  the  present  sea-level,  he  found  sub-fossil  shells 
of  the  same  species  as  those  still  occurring  on  the  coasts  of 
Norway. 

This  means,  surely,  that  the  seas  round  Spitzbergen  have 
become  colder  since  some  of  the  raised  beaches  were  de- 
posited. The  testimony  of  the  fauna  and  flora  of  the  archi- 
pelago of  Spitzbergen  is  similar  to  that  of  Iceland  and 
Greenland.  We  cannot  conceive  its  having  reached  there 
except  by  a  land  bridge,  and  for  such  a  land  bridge  we  must 
go  much  further  back  than  the  so-called  glacial  age.  The 
presence  of  reindeer  oi  a  specialised  form  in  Spitzbergen  is  a 
strong  proof  of  this,  and  it  shows  that  nothing  like  the  ice 
monster  of  the  glacialists  has  laid  its  load  upon  these  lands, 
whose  desperate  condition  is  the  growth  of  comparatively 
recent  times. 

This  is  also  supported  by  the  more  purely  physical  evidence. 
Spitzbergen  bears  in  its  very  name  the  evidence  of  the  sharply 
outlined  needle-like  contour  of  some  of  its  mountains.    In  the 
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journal  of  William  Bernard,  the  companion  of  Barentz,  who 
discovered  it,  we  read  :  '*  La  terre  estoit  la  plus  part  rompue 
bien  hault  et  non  autre  que  monts  et  montaignes  agues 
parquoy  Tapellions  Spitzbergen  **  (Eeclus,  op,  ciL,  v.,  p.  257). 

Heughlin  describes  its  west  coast  as  a  congeries  of  deep 
fiords,  and  the  mountains,  to  use  his  own  words,  as  "nicht 
gesonderte  Massen  mit  vielzackigen  spitzigen  Gipfeln  auf- 
treten  "  {PetermanrCs  Mittheilungen,  1871,  p.  177).  Elsewhere 
the  same  writer  compares  the  rugged  and  fantastic  outline  of 
the  islands  with  the  crenellated  outline  of  a  mediaeval  castle. 

This  is  assuredly  quite  inconsistent  with  Spitzbergen 
having  been  smothered  with  ice,  as  it  should  have  been  in  the 
high  latitudes  where  it  is  placed,  if  the  so-called  glacial  age 
had  ever  existed  there. 

This  is  the  view  of  the  best  observers.  Thus  Garwood  and 
Gregory,  writing  on  Spitzbergen,  say  : — 

"The  sharp,  serrated  ridges  of  Mount  Staraschin  and 
Dodman  Den,  which  guard  the  entrance  to  the  ice  fiord, 
indicate  that  Western  Spitzbergen  has  not  at  any  recent 
time  been  wholly  submerged  beneath  an  ice-cap "  {Quart, 
Joum,  Geol.  Soc.,  liv.,  pp.  197,  198). 

"  Though  I  had  an  opportunity,**  says  Nordenskiold,  "of 
examining  in  several  places  in  Spitzbergen  old  beds  of 
glaciers  surrounded  by  ?olid  rocks,  I  have  only  very  seldom 
met  with  any  rocks  polished  and  furrowed  by  glaciers,  and 
those  were  besides  situated  on  the  very  edge  of  the  sea. 
Such  extensive  and  highly  polished  surfaces  of  rock  as  are 
everywhere  met  with  in  Scandinavia  are  not  to  be  found 
there  "  {Sketch  of  the  Geology  of  Spitzbergen,  p.  7,  note). 

The  presence  of  pohshed  rocks  close  to  the  sea-level  in  a 
country  which  is  rising  from  the  waters  so  rapidly  as  Spitz- 
bergen, really  points  there,  as  we  have  seen  it  does  in  Green- 
land, not  to  old  glacier  action  but  to  the  scoring  of  recent 
shore-ice.  Thus  may  also  be  explained  the  polished  surface 
of  the  low-lying  Deuen  Islands,  and  which  have  probably  risen 
from  the  sea  quite  recently.  The  debris  of  pleistocene  marine 
life  in  Spitzbergen  such  as  it  is  points  the  same  lesson,  and 
Nordenskiold  distinctly  suggests  that  in  the  interior  of  Ice 
Fiord  and  at  several  other  places  in  Spitzbergen  one  meets 
with  indications  that  the  polar  tracts  were  less  completely 
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covered  with  ice  daring  the  glacial  era  than  is  usually  sup- 
posed {QtoL  Mag,,  1876,  p.  531). 

Nordenskiold  says :  "  Our  investigations  at  Spitzbergen 
throw  no  light  on  the  transition  &om  the  Miocene  period  to 
the  glacial  formation  of  the  present  time,  or  on  the  nature  of 
the  animals  and  plants  that  lived  in  the  vicinity  of  the  Pole 
during  the  Pliocene  and  the  European  glacial  periods.  We 
did  not  there  meet  with  any  deposits  that  might  be  regarded 
as  a  link  between  the  tertiary  strata  at  Bell  Sound  and  the 
present  age.  Torell  and  Malmgren  found  on  the  shores  of 
Hinlopen  Sound  and  Blomstrand,  in  an  especially  interesting 
layer  of  earth  on  the  shores  of  Advant  Bay,  shells  of  Mytilus 
edulis,  which  occur  abundantly  along  the  Scandinavian  coasts, 
but  no  longer  inhabits  Spitzbergen ;  at  least  the  zoologists  of 
the  Spitzbergen  expeditions  were  not  able  to  obtain  a  single 
living  specimen  of  it  in  the  dredgings  undertaken  by  several 
boats  almost  every  day  during  three  summers  in  the  bays 
and  along  the  coasts  of  Spitzbergen.  Immense  numbers  of 
this  shell  still  inhabit  the  shallows  and  banks  laid  bare  by 
the  tide  at  Tromso  and  Hammerfest "  {Sketch  of  the  Geology  of 
Spitzbergen,  pp.  52,  53).  This  assuredly  points  to  the  climate 
having  become  more  and  not  less  severe  since  the  shells  were 
deposited. 

It  seems  to  me,  again,  that  we  cannot  account  for  the  fauna 
and  flora  of  Spitzbergen  on  any  other  theory  than  that  we 
have  already  applied  to  Iceland  and  Greenland,  namely,  that 
it  marks  the  shrunken  relics  of  what  was  once  much  richer. 

If  we  lastly  turn  to  Franz-Joseph  Land  we  shall  arrive  at 
the  same  conclusion.  Payer  describes  its  rugged  outlines, 
its  rows  of  sharp  basaltic  columns,  its  jagged  line  of  moun- 
tains towering  above  the  snow-flelds,  and  he  figures  in  more 
than  one  place  ragged  and  torn  and  pinnacled  rocks  which 
are  not  consistent  with  the  land  having  been  abraded  and 
denuded  by  an  overwhelming  ice-sheet,  and  point,  in  fact,  to 
the  present  conditions  being  the  climax  of  the  ice  action  there. 
Payer  remarks  on  the  infrequency  of  moraines,  and  tells  us, 
further,  that  however  diligently  he  looked  for  them  he  never 
saw  unmistakable  traces  of  the  grinding  and  polishing  of 
rocks  by  glacier  action  there. 

Koettlitz  says  of  the  same  archipelago :    '*  The  evidences 
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of  glacial  action  as  shown  by  the  smoothing  and  planing  of 
rocks  are  very  few ;  roches  motUonn^  and  rounded  hills  have 
not  been  met  with.  Only  in  two  valleys,  separating  Cape 
Flora  and  Cape  Gertrude,  are  some  loose  blocks  of  basalt 
which  are  planed,  polished  and  somewhat  scratched  on  their 
upper  sides.  .  .  .  They  are  upon  low  and  recently  raised 
beaches.  .  .  .  No  evidence  has  been  obtained  of  the  existence 
of  anything  that  could  be  definitely  called  till "  (op,  ciL,  p.  644). 

All  this  surely  points  the  same  moral,  namely,  the  absence 
from  the  very  Arctic  country  of  Franz-Joseph  Land  of  any 
adequate  evidences  of  the  so-called  Ice  Age. 

Novaya  Zembla  gives  us  a  similar  answer.  Fielden,  speak- 
ing of  the  mountains  there,  says :  ''I  can  see  no  evidence 
of  the  former  extension  of  an  ice-sheet  over  the  area,  no  rochea 
moutonn^es,  no  glaciated  surfaces,  no  rounded,  mammillated, 
ice-worn  contours.  Had  these  ever  existed  one  can  hardly 
suppose  that  they  would  have  been  totally  removed  by  the 
action  of  frost"  {Quart  Joum,  Geol.  Soc,,  lii.,  pp.  731,  732). 

Turning  to  the  northern  coast  of  Siberia,  Nordenskiold  tells 
us  of  the  Bear  Islands.  They  are  formed  for  the  most  part 
of  plutonic  rocks,  whose  upper  part  has  weathered  away,  leav- 
ing gigantic  isolated  pillars.  Foar  such  pillars  have  given  to 
the  easternmost  of  the  islands  the  name  of  Lighthouse  Island. 

Similar  ruin-like  formations  are  found  not  only  on  Cape 
Baranof,  which  lies  opposite,  but  also  at  a  great  number  of 
places  in  that  portion  of  the  north  coast  of  Siberia  which  lies 
farther  to  the  east.  **  Generally  these  cliff  ruins  are  collected 
together  over  considerable  areas  in  groups  or  regular  rows. 
They  have  thus,  when  seen  from  the  sea,  so  bewildering  a 
resemblance  to  the  ruins  of  a  gigantic  city,  which  had  once 
been  surrounded  by  strong  walls,  and  been  full  of  temples 
and  splendid  buildings,  that  one  is  almost  tempted  to  see  in 
them  memorials  of  a  Tamerlane  or  Chinghiz  Khan  up  here 
in  the  far  north  **  (Voyage  of  the  Vega,  i.,  p.  428).  These  pillars 
and  prominent  un weathered  rocks  in  the  very  high  latitudes 
of  Asia  are  also  mentioned  by  Baron  Toll  and  Professor 
Bunge  in  the  account  of  their  recent  expedition  to  the  Bear 
Islands.  As  they  he  in  the  very  track  of  a  great  polar  ice -cap, 
if  such  had  ever  existed,  we  cannot  understand  how  they 
could  escape  having  been  broken  or  entirely  worn  away. 
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The  evidence  furnished  by  the  presence  of  the  mammoth 
and  its  companions  in  huge  herds  buried  in  the  tundra  of 
North  Siberia  and  among  the  boulders  and  ice  blocks  of  the 
New  Siberian  and  Bear  Islands  in  the  Arctic  seas  of  Asia 
points  the  same  irresistible  lesson.  As  I  showed  by  ample 
evidence  in  my  work  on  the  mammoth,  these  beasts  lived 
where  their  carcases  and  skeletons  are  now  found,  and  must 
have  had  abundant  supplies  of  trees  and  shrubs  to  feed  upon 
since  the  contents  of  their  stomachs  prove  it,  and  such  a 
vegetation  must  have  flourished  many  degrees  to  the  north 
of  the  present  range  of  trees  in  the  very  last  geological  period. 
This  biological  evidence  is  completely  consistent,  of  course, 
with  the  fact  that  even  the  champions  of  the  glacial  period 
exclude  its  operation  from  Siberia,  and  argue  that  traces  of 
its  operation  are  not  to  be  found  between  the  White  Sea  and 
the  Biver  Mackenzie.  It  is  further  interesting  to  find  that 
in  Alaska  where  the  same  biological  evidence  is  forthcoming 
in  regard  to  the  mammoth  and  its  companions,  the  plant 
remains  found  growing  on  the  moraine  of  the  retiring  glacier 
at  Mount  St.  Elias  confirm  the  same  position  as  do  the  plants 
of  Greenland.  All  this  converges  upon  one  conclusion, 
namely,  that  if  there  has  ever  been  a  so-called  glacial  period 
in  the  Arctic  regions  it  is  now.  The  present  period  is  the 
one  period  and  apparently  the  only  period  in  their  history 
when  the  reign  of  ice  and  snow  has  been  dominant.  So  far 
as  we  can  make  out,  their  climate  has  been  becoming  more 
and  more  severe  in  historic  times,  and  in  the  pleistocene 
age,  so  far  as  we  have  evidence,  the  climate  of  the  polar  area 
was  a  great  deal  more  and  not  less  temperate  than  now.  All 
this  is  completely  at  one  with  the  more  recent  speculations 
of  the  zoologist,  who  sees  in  the  polar  area  the  centre  and 
focus  of  a  geographical  region  in  which  the  animal  forms  are 
alike  in  all  meridians,  namely,  the  so-called  circumpolar  area, 
and  who  further  argues  that  the  two  provinces  which  are 
known  as  Palsearctic  and  Nearctic,  in  so  far  as  they  are 
differentiated  from  each  other,  have  become  so  very  recently, 
and  that  in  all  probability  they  constituted  in  pleistocene 
times  one  continuous  and  homogeneous  district  with  the 
Arctic  land,  a  province  marked  by  a  similar  fauna  and  flora. 
This,  again,  is  confirmed  by  such  facts  as  the  occurrence  of 
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the  great  sea-cows  which  Steller  discovered  in  Berings  Island 
in  a  latitude  far  away  from  all  their  relatives  and  congeners. 
They  are  essentially  animals  which  thrive  under  temperate 
or  sub-tropical  conditions,  and  this  colony  so  lately  occurring 
in  the  Pacific  seems  to  point  very  clearly  to  the  climate  of 
that  region  having  been  recently  milder.  The  same  con- 
clusion as  I  have  previously  argued  seems  to  follow  if  we 
are  to  find  any  rational  explanation  of  the  problem  of  the 
northern  migrating  birds — birds  which  pass  their  summer  in 
the  Arctic  and  sub-Arctic  lands  and  are  scattered  far  and 
wide  during  the  winter.  Their  types  are  so  essentially 
northern  that  we  can  hardly  doubt  that  at  no  remote  time 
they  were  living  all  the  year  round  in  their  present  breed- 
ing quarters  in  Greenland  and  Spitzbergen  no  less  than  in 
Northern  Siberia.  The  cold  which  has  deprived  these  birds  of 
any  suitable  food  and  resting-place  in  the  winter  is  the  cold 
now  prevailing,  and  not  a  much  more  severe  cold  dating  from 
the  pleistocene  age;  and  in  explaining  the  difiiculties  and 
paradoxes  of  the  distributions  of  animal  life  in  the  northern 
hemisphere,  we  must,  as  in  the  case  of  the  vegetable  life, 
invoke  not  a  portentous  period  of  ice  in  the  last  age  of  the 
world,  but  an  increasing  cold  from  the  time  of  the  mammoth 
onwards,  and  culminating  in  our  own  day. 

It  is  clear,  therefore,  that  Mr.  Geikie  and  others  who  have 
drawn  attractive  maps  showing  how,  during  the  so-called 
glacial  epoch,  the  supposed  glacial  conditions  were  to  be  found 
over  a  large  part  of  the  polar  region,  will  have  to  revise  their 
cartography,  and  to  erase  the  polar  area  from  their  maps  as 
they  already  have  erased  the  half  circle  of  northern  lands 
ranging  from  the  White  Sea  to  the  eastern  frontiers  of  Alaska, 
and  to  limit  their  glacial  phenomena  in  the  northern  hemi- 
sphere to  the  two  areas  of  North-western  Europe  and  North- 
eastern America.  A  corollary  from  this,  which  I  shall  further 
press  later  on,  is  that  in  the  so-called  pleistocene  period  the 
fauna  and  flora  of  the  whole  circumpolar  or  Holarctic  region 
was  much  more  homogeneous  than  now,  and  the  chief  cause 
which  has  differentiated  it  and  formed  three  minor  provinces 
of  it,  namely,  the  Polar,  the  Palasarctic  and  Nearctic,  has  been 
the  introduction  of  a  much  more  rigorous  climate  in  very 
high  latitudes,  which  has  killed  off  a  considerable  number  of 
11.  32 
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forms,  both  of  animals  and  plants,  from  the  polar  area,  and 
has  cansed  a  breach  of  continuity  and  consequent  isolation 
of  the  Paleearctic  and  Ne  arctic  regions,  with  the  usual  result 
of  gradually  evolving  local  differences  in  Northern  America 
and  Northern  Europasia,  and  thus  constituting  the  Nearctic 
and  Palaearctic  zoological  regions  respectively. 

The  true  and  the  only  glacial  climate  which  we  know  to 
have  prevailed  in  the  Arctic  lands  was  not  during  the  so-called 
glacial  age  of  geologists — ^that  is,  during  the  pleistocene  period ; 
but  is  that  which  is  now  current,  and  which  is  the  product 
largely,  as  we  have  seen,  if  not  entirely,  of  changes  of  level  in 
the  earth's  crust  in  very  high  latitudes  which  have  occurred 
there  since  pleistocene  times.  These  conclusions,  if  sus- 
tained, ought  to  throw  some  light  on  the  problem  of  finding 
a  rational  explanation  of  the  so-called  glacial  phenomena  of 
the  temperate  zones,  and  notably  of  North-western  Europe 
and  North-eastern  America,  to  which  I  hope  to  turn  in  the 
next  chapter. 
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of  Public  Events  at  Home  and  Abroad,  for 
the  year  1903.    8vo.,  i8j. 
Volumes  of  the  Annual  Register  for  the 
years  1863- 1902  can  still  be  had.    185.  each. 

Arnold. — Introductory  Lectures 
on  Modern  History^  By  Thomas  Ar- 
nold, D.D.,  formerly  Head  Master  of  Rugby 
School.    8vo.,  7 J.  td, 

Ashley  (W.  J.). 
English  Economic  History  and 

Theory,    Crown  8vo.,  Part  I.,  5*.     Part 
II.,  lOS.  td. 

Surveys,  Historic  and  Economic. 

Crown  8vo.,  gs.  net. 

Bagwell. — Ireland      under      the 

TuDORS.  By  Richard  Baowell,  LL.D. 
(3  vols.)  Vols.  I.  and  II.  From  the  first 
invasion  of  the  Northmen  to  the  year  1578. 
8vo.,  32J.     Vol.  III.  1578-1603.    8vo.,  lis, 

Belmore. — The  History  of  Tivo 
Ulster  Manors,  and  of  their  Owners. 
By  the  Earl  of  Belmore,  P.C,  G.C.M.G. 
(H.M.L.,  County  Tyrone),  formerly  Gover- 
nor of  New  South  Wales.  Re-issue, 
Revised  and  Enlarged.  With  Portrait. 
8vo.,  55.  net. 


Besant — The  History  of  London, 

By  Sir  Walter  Besant.  With  74  Illus- 
trations. Crown  8vo.,  is.  qd.  Or  bound 
as  a  School  Prize  Book,  eilt  edges,  2s.  6d. 

Bright. — A  History  of  England. 

By  the  Rev.  j.  Franck  Bright,  D.D. 

Period   I.    Mediaeval  Monarchy:    a.d. 
449-1485.    Crown  8vo.,  41.  6^. 

Period  II.    Personal  Monarchy.    1485- 
1688.    Crown  8vo.,  51. 

Period  III.    Constitutional  Monarchy. 
1 689- 1837.    Crown  8vo.,  75.  6d. 

Period  IV.    ITHs  Growth  of  Democracy. 
1837-1880.    Crown  8vo.,  ts. 

Period  V.    Imperial  Reaction  :  Victoria, 
1880- 190 1.     Crown  8vo.,  4s.  6d. 

Bruce. — The  Foriyard  Policy  and 
its  Results  \  or.  Thirty-five  Years*  Work 
amongst  the  Tribes  on  our  North- Western 
Frontier  of  India.  By  Richard  Isaac 
Bruce,  CLE.  With  28  Illustrations  and 
a  Map.    8vo.,  15s.  net. 

Buckle. — History  of  Civilisation 
IN  England.   By  Henry  Thomas  Buckle. 

Cabinet  Edition.    3  vols.    Crown  8vo.,  24s. 

*  Silver  Library  '  Edition.    3  vols.    Crown 
8vo.,  I05.  6d. 

Burke. — A  History  of  Spain, 
From  the  Earliest  Times  to  the 
Death  of  Ferdinand  the  Cathouc 
By  Ulick  Ralph  Burke,  M.A.  Edited 
by  Martin  A.  S.  Hume.  With  6  Maps. 
2  vols.    Crown  8vo.,  165.  net. 


Casserly.  —  7'he    Land 

BoxBRS ;  or,  China  under  the 

Captain    Gordon    Casserly.       With    15 

Illustrations  and  a  Plan.     8vo.,  105.  td.  net. 


OF     THE 
Allies.     By 


Chesney. — Indian  Polity:  a  View  of 

the  System  of  Administration  in  India.  By 
Genera]  Sir  George  Chesney,  K.C.B. 
With  Map  showing  all  the  Administrative. 
Divisions  of  British  India.     8vo.,  2\s. 

Churchill  (Winston  Spencer,  M.P.).. 

The  River  IVar  :  an  Historical 
Account  of  the  Reconquest  of  the  Soudan. 
Edited  by  Colonel  F.  Rhodes,  D.S.O. 
With  Photogravure  Portrait  of  Viscount 
Kitchener  of  Khartoum,  and  22  Maps  and. 
Plans.     8vo.,  los.  6^.  net. 
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Churchill  (Winston  Spencer,  M.P.) 

— continued. 

The  Story  op  the  Malakahd 
Field  Forcb^  1897.  With  6  Maps  atid 
Plans.     Crown  8vo.,  3s.  6<f. 

London   to  Ladysmith  viJt  Prb^ 

TORI  A.     Crown  8vo.,  6s. 

Ian   Hamiltoi/s   March.      With 

Portrait  of  Major-General  Sir  Ian 
Hamilton,  and  10  Maps  and  Plans. 
Crown  8vo.,  ts, 

Corbett  O^^ian  S.). 
Drake    and    the    Tudor  Navy, 

with  a  History  of  the  Rise  of  England 
as  a  Maritime  Power.  With  Portraits, 
Illustrations  and  Maps.  2  vols.  Crown 
8vo.,  161. 

The  Successors  of  Drake.     With 

4  Portraits  (2  Photogravures)  and  12 
Maps  and  Plans.    8vo.,  215. 

England  in  the  Mediterranean  : 

a  Study  of  the  Rise  and  Influence  of 
British  Power  within  the  Straits,  1603- 
17 13.  With  I  Map  and  2  Illustrations. 
2  vols.     Svo.,  24s.  net. 

Crei^hton     (Mandell,    late     Lord 

Bishop  of  London). 

A  History  of  the  Papacy  prom 
thr  Great  Schism  to  the  Sack  of 
RoMBt  1378-1527.  6  vols.  Cr.  8vo., 
5s.  net  each. 

Queen  Elizabeth,    With  Portrait 

Crown  8vo.,  5s.  net. 

Historical  Essays  and  Reviews, 
Edited  by  Louise  Creighton.  Crown 
Svo.,  5*.  net. 

Historical  Lectures  and  Ad- 
dresses. Edited  by  Louise  Creiohton. 
Crown  8vo.,  55.  net 

Dale. — The  Principles  of  English  ! 
Constitutional    History.      By    Lucy 
Dale,  late  Scholar  of  Somerville  College, 
Oxford.     Crown  8vo.,  6i. 

Dennison. — A  Fight  to  a  Finish. 

By  Major  C.  G.  Dennison,  D.S.O.,  late 
Officer  Commanding  Dennison's  Scouts. 
With  27  Illustrations.     Crown  8vo.,  $s.  \ 

Elizabeth  (Queen),  Amy  Robsart, 
and  the  Earl  of  Leicester :  being 

a  Reprint  of  the  Scarce  Historical  Work, 
entitled  *  Leycesters  Commonwealth/  1641. 
Edited  by  Frank  J.  Burgoyne,  Librarian 
of  the  Lambeth  Public  Libraries.  Fcp.  4to., 
75.  6rf.  net. 


Falkiner  (C.  Litton). 
Studies   in  Lrish  History   and 
Biography^   Mainly  of  the   Eighteenth 
Century.      8vo.,  ia5.  6d,  net. 

Lllustrations  of  Lrish  History 
and  Topography^  Mainly  of  the  Seven- 
teenth Century.  With  3  Maps.  8vo., 
i8i.  net. 

Freeman. — The  Historical  Geo- 
graphy OF  Europe.  By  Edward  A. 
Freeman,  D.C.L.,  LL.D.  Third  Edition. 
Edited  by  J.  B.  Bury,  M.A.,  D.Litt.,  LL.D., 
Regius  Professor  of  Modern  History  in  the 
University  of  Cambridge.  8vo.,  125.  6^. 
A  TLAS  to  the  above.  With  65  Maps  in 
colour.     8vo.,  ts.  6d. 

Froude  Qames  A.). 

T^e  History  op  Engl  ANDf  from  the 
Fall  of  Wolsey  to  the  Defieat  of  the 
Spanish  Armada.  12  vols.  Crown  8vo., 
31.  6d.  each. 

The   Divorce  op  Catherine    op 

Aragon.    Crown  8vo.,  3^.  td. 

The  Spanish  Story  op  the  Ar- 
mada^ and  other  Essays.    Cr.  8vo.,  35.  td. 

The  English  in  Lreland  in  the 
Eighteenth  Century.  3  vols.  Cr.Svo., 
los.  6d. 

English  Seamen  in  the  Sutteenth 

Century. 

Cabinet  Edition.     Crown  8vo.,  6s. 

lUustraUd  Edition.  With  5  Photo- 
gravure Plates  and  16  other  lUustra- 
tions.     Large  Cr.  8vo.,  gilt  top,  6s,  net. 

*  Silver  Library '  Edition.  Cr.  Svo.,  ys,  6d, 

The  Council  op  Trent.  Crown 
8vo.,  3 J.  6d. 

Short  Studies  onGrea  t Subjects. 

Cabinet  Edition.    4  vols.     24s, 

*  Silver  Library  *  Edition.    4  vols.    Crown 

8vo.,  35.  6d.  each. 

CjKsar  :  a  Sketch.     Cr.  Svo,  3s,  6d, 

Selections  prom  the  Writings  of 
James  Anthony  Froude,  Edited  by 
P.  S.  Allen,  M.A.     Crown  8vo.,  5s.  6d, 

Gardiner  (Samuel  Rawson,  D.C.L., 

LL.D.). 

History  op  England^  from  the  Ac- 
cession of  James  L  to  the  Outbreak  of  the 
Civil  War,  16031642.  With  7  Maps. 
10  vols.    Crown  8vo.,  5s.  net  each. 

A  History  op  the   Great  Civil 

War,   1642-1649.     With  54  Maps  and 
Plans.     4  vols.     Cr.  8vo.,  5J.  net  each. 
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Gardiner  (Samuel  Rawson,  D.C.L., 

LL.  D.) — continued, 

A  History  of  the  Commonwealth 
AND  THE  Protectorate,  1649-1656. 
4  vols.     Crown  8vo.,  5s.  net  each. 

The  Student's  History  of  Eng- 
land,    With  378  Illustrations.     Crown 

SVO.,   gilt   top,    125. 

Also  in  Three  Volumes^  price  45.  each. 

Cromwell's  Place    in   History. 

Founded  on  Six  Lectures  delivered  in  the 
University  of  Oxiord.     Cr.  8vo.,  35.  bd, 

Oliver  Cromwell,  With  Frontis- 
piece.   Crown  8vo.,  5s.  net. 

German  Emperor's  (The) 
Speeches :  being  a  Selection  from 

the  Speeches,  Edicts,  Letters  and  Telegrams 
of  the  Emperor  William  II.  Translated  by 
Louis  Elkind,  M.D.     8vo.,  12s.  6d,  net. 

German  Empire  (The)  of  To-day : 

Outlines  of  its  Formation  and  Development. 
By  '  Veritas  '.     Crown  8vo.,  6s,  net. 

Graham. — Roman  Africa  :  an  Out- 
line of  the  History  of  the  Roman  Occupa- 
tion of  North  Africa,  based  chiefly  upon 
Inscriptions  and  Monumental  Remains  in 
that  Country.  By  Alexander  Graham, 
F.S.A.,  F.R.I.B.A.  With  30  reproductions 
of  Original  Drawings  by  the  Author,  and 
2  Maps.     8vo.,  165.  net. 

Greville. — A  /ournal  of  the  Reigns 
OF  King  Gborgb  IV.,  King  William  IV,, 
AND  QuBBN  Victoria.  By  Charles  C.  F. 
Greville,  formerly  Clerk  of  the  Council. 
8  vols.    Crown  8vo.,  35.  td,  each. 

Gross. — The  Sources  and  Litera- 
turb  of  Engush  History,  from  thb 
Earlibst  Times  to  about  1485.  By 
Charles  Gross,  Ph.D.    8vo.,  i8f.  net. 

Hamilton. — Historical  Record  of 
the  i^th  (King's)  Hussars,  from  a.d.  1715 
to  A.D.  1900.  By  Colonel  Henry  Black- 
BURNE  Hamilton,  M.A.,  Christ  Church, 
Oxford;  late  Commanding  the  Regiment. 
With  15  Coloured  Plates,  35  Portraits,  etc., 
in  Photogravure,  and  10  Maps  and  Plans. 
Crown  4to.,  gilt  edges,  425.  net. 

Hart*  —  Actual    Government,    as 

APPLIED    UNDER    AMERICAN    CONDITIONS, 

By  Albert  Bushnell  Hart,  LL.D.,  Pro- 
fessor of  History  in  Harvard  University. 
With  17  Maps  and  Diagrams.  Crown  8vo., 
75.  6<f.  net. 


HARVARD  HISTORICAL  STUDIES. 

The  Suppression  of  the  African 
Slave  TRade  to  the  United  States  of 
America,  1638- 1870.  By  W.  E.  B.  Du 
Bois,  Ph.D      8vo.,  ys,  6d. 

The  Contest  over  the  Ratificaton 
OF  THE  /Federal  Constitution  in  A/assa- 
CHUSETTS.  ByS.  B.  HARDiNa,A.M.  8vo.,65. 

A  Critical  Study  of  Nullification 
IN  South  Carolina.  By  D.  F.  Houston, 
A.M.     8vo.,  6s. 

Nominations  for  Elective  Office 
IN  THE  United  States.  By  Frederick 
W.  Dallinger,  A.M.     8vo.,  js.  6d. 

A  Bibliography  of  British  Muni- 
cipal History,  including  Gilds  and 
Parliamentary  Represent  at/on.  By 
Charles  Gross,  Ph.D.    8vo.,  125. 

The  Liberty  and  Free  Soil  Parties 
IN  THB  North  West,  By  Theodore  C. 
Smith,  Ph.D.    8vo,  js.  dd. 

The  Provincial  Governor  in  the 
English  Colonies  of  North  America. 
By  EvARTS  Boutell  Greene.  8vo.,  7s.  6rf. 

The  County  Palatine  of  Durham: 

a  Study  in  Constitutional  History.  By  Gail- 
lard  Thomas  Lapsley,  Ph.D.  8vo.,  105. 6^. 
The  Anglican  Episcopate  and  the 
American  Colonies.  By  Arthur  Lyon 
Cross,  Ph.D.,  Instructor  in  History  in  the 
University  of  Michigan.    8vo.,  los.  6d, 

The  Administra  tion  of  the  Ameri- 
can Revolutionary  Army.  By  Louis 
Clinton  Hatch,  Ph.D.      8vo.,  7^.  6d. 

Hawtrey. — A    Short   History   of 

Germany,  By  Mrs.  H.  C.  Hawtrey. 
With  additional  Chapters  by  Amanda  M. 
Flattery.    With  3  Maps.    Crown  8vo.,  5*. 

Hill. — Three  Frenchmen  in  Ben- 
gal; or,  The  Commercial  Ruin  of  the 
French  Settlements  in  1757.  By  S.  C. 
Hill,  B.A.,  B.Sc,  Officer  in  charge  of  the 
Records  of  the  Government  of  India.  With 
4  Maps.     8vo.,  75.  td,  net. 

Historic  Towns. — Edited  by  E.  A. 

Freeman,  D.C.L., and  Rev.  William  Hunt, 
M.A.  With  Maps  and  Plans.  Crown  8vo., 
3s.  6^.  each. 

Bristol.  By  Rev.  W.  Hunt. 

Carlisle.  Bv  Mandell 
Creigbton,  D.D. 

Cinque  Ports.  By  Mon- 
tagu Burrows. 

Colchester.  By  Rev.  E.  L. 
Cutts. 

Exeter.   By  E.  A.  Freeman. 


Oxford.      By  Rev.  C.  W. 

Boase. 
Winchester.      By  G.  W. 

Kitchin.  D.D. 
York.      By    Rev.    James 

Raine. 
New  York.    By  Theodora 

^ Roosevelt. 

London.     By  Rev.  W.  J.  j  Boston  (U.S.)    By  Henry 
Loftie.  I     Cabot  Lodge. 
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Hunter  (Sir  William  Wilson). 
A    History    of   British    India, 

Vol.  I. —Introductory  to  the  Overthrow 
of  the  Enelish  in  the  Spice  Archipelago, 
1623.  with  4  Maps.  8vo.,  i8j.  Vol. 
H. — To  the  Union  of  the  Old  and  New 
Companies  under  the  Earl  of  Godolphin*s 
Award,  1708.     8vo.,  i6i. 

The  India    of   the   Queen,  and 

other  Essays.  Edited  by  Lady  Hunter. 
With  an  Introduction  by  Francis  Henry 
Skrine,  Indian  Civil  Service  (Retired). 
8vo.,  gj.  net. 

Ingram. — A  Critical  Examina- 
tion OF  Irish  History,  From  the  Eliza- 
bethan Conquest  to  the  Legislative  Union 
of  1800.  By  T.  Dunbar  Ingram,  LL.D. 
2  vols.    8vo.,  65.  net. 

James  II.  The  Adventures  of 
King  James  II.  of  England.    By 

the  Author  of*  A  Life  of  Sir  Kenelm  Digby/ 
•  Rochester/  etc.,  *  The  Life  of  a  Prig,'  etc. 
With  an  Introduction  by  the  Right  Rev.  F. 
A.  Gasquet,  D.D.,  Abbot  President  of  the 
English  Benedictines.  With  27  Portraits 
and  other  Illustrations.     8vo.,  135.  6d.  net. 

Joyce  (P.  W.) 

A    Short  History   of   Ireland, 

from  the  Earliest  Times  to  1608.  With 
Maps.    Crown  8vo.,  101.  M, 

A    Social    History   of   Ancient 

Ireland  :  Treating  of  the  Government, 
Military  System  and  Law;  Religion, 
Learning  and  Art;  Trades,  Industries 
and  Commerce ;  Manners,  Customs  and 
Domestic  Life  of  the  Ancient  Irish  People. 
With  361  Illustrations.  2  vols.  8vo., 
215.  net. 

Kaye  and  Malltson.— History  of 

the  Indian  Mutiny,  1857- 1858.  By  Sir 
John  W.  Kaye  and  Colonel  G.  B.  Malle- 
soN.  With  Analytical  Index  and  Maps  and 
Plans.     6  vols.     Crown  8vo.,  35.  td,  each. 

Lang  (Andrew). 
The  Mystery  of  Mary  Stuart. 

With  Photogravure  Plate  and  15  other 
Illustrations.    Crown  8vo.,  65.  6d.  net. 

Prince  Charles  Edward  Stuart, 
the  Young  Chevalier,  Wiih  Photo- 
gravure Frontispiece.  Cr.  8vo.,  7*.  6rf.  net. 

The  Valet^s  Tragedy,  and  other 
Studies  av  Secret  History,  With 
3  Illustrations.      Svo.,  125.  6d,  net. 


Historyof England  in  the  Eight- 
eenth Century, 

Library  Edition.  8  vols.  Svo.  Vols.  I. 
and  II.,  1700-1760,  361. ;  Vols.  III.  and 
IV.,  1760-1784, 36s. ;  Vols.  V.  and  VI., 
1784-1793,365.;  Vols.  Vn.  and  VIIL, 
1793- 1800,  364. 

Cabinet  Edition,  England.  7  vols.  Crown 
8vo.,  5s.  net  each.  Ireland.  5  vols. 
Crown  8vo.,  51.  net  each. 

Leaders  of  Public  Opinion  in 
Ireland  :  Flood— Grattan — O^Con- 
NELL.    2  vols.    8vo.,  251.  net. 

History  of  European  Morals 
FROM  Augustus  to  Charlemagne.  2 
vols.    Crown  8vo.,  105.  net. 

A  Survey  of  English   Ethics: 

Being  the  First  Chapter  of  the  *  History 
of  European  Morals'.  Edited,  with 
Introduction  and  Notes,  by  W.  A.  Hirst. 
Crown  8vo.,  3^.  fid. 

History  of  the  Rise  and  Influ- 
ence OP  the  Spirit  op  Nationalism  in 
Europe.    2  vols.    Crown  8vo.,  los.  net. 

Democracy  and  Liberty. 

Library  Edition.    2  vols.    8vo.,  365. 
Cabinet  Edition,  2  vols.  Cr.  8vo.,  los.  net. 

Lieven.  —  Letters  of  Dorothea, 
Princess  Lieven,  during  her  Rbsidbncb 
IN  London,  1812-1834.  Edited  by  Lionel 
G.  Robinson.  With  2  Photogravure  Por- 
traits.    8vo.,  145.  net. 

Lowell. — Governments  and  Par- 
ties IN  Continental  Europe.  By  A. 
Lawrence  Lowell.    2  vols.     Svo.,  21.S. 

Lumsdens  Horse,  Records  of. — 

Edited  by  H.  H.  S.  Pearse.  With  a  Map, 
and  numerous  Portraits  and  Illustrations  in 
the  Text.     410.,  21s.  net. 

Lynch. —  The  War  of  the  Civili- 
sations: being  a  Record  of  *  A  Foreign 
Dbvil*s*  Experiences  with  the  Allies 
IN  China.  By  George  Lynch,  Special 
Correspondent  of  the  *  Sphere,'  etc.  With 
Portrait  and  21  Illustrations.  Crown  8\x>., 
6s,  net. 
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Macaulay  (Lord). 
The  Life  and    Works  of  Lord 

Macaulay, 

^Edinburgk^  Edition,  10  vols.  8vo.,65.each. 

Vols.  L-IV.    History  of  England, 

Vols.  V.-Vn.  Essays,  Biographiss^ 
Indian  Pbnal  Cods,  Contributions 
TO  Knight's  'Quarterly Magazins\ 

Vol.  VII L  Spbbchss,  Lays  of  Ancient 
RoMBy  Miscellaneous  Poems. 

Vols.  IX.  and  X.  The  Life  and 
Letters  of  Lord  Macaulay.  By 
Sir  G.  O.  Trbvelyan.  Bart. 


Popular  Edition.  5  vols.  Cr.8vo,25.6</.each. 
Essays  with  Lays  of  Ancibnt  Rome, 

ETC.     Crown  8vo.,  25.  6rf. 
History  of  England,    2  vols.    Crown 

Svo.,  55. 
Miscellaneous    Writings,   Speeches 

AND  Poems.    Crown  8vo.,  25.  6rf. 
The    Life    and   Letters   of  Lord 

Macaulay,    By  Sir  G.  O.  Trevelyan, 

Bart.     Crown  8vo.,  25.  6d. 

The  Works. 

'Albany'  Edition.      With  12  Portraits. 

12  vols.  Large  Crown  8vo.,  35. 6d,  each. 
Vols.   I.-VI.      History  of  England, 

FROM  THE  Accession  OF  J  AMES  the 

Second, 
Vols.  VII.-X.  Essays  and  Biographies, 
Vols.   XI.-XII.     Speeches,   Lays   of 

Ancient  Rome,  etc.,  and  Index. 


Cabinet  Edition.       16  vols.     Post  8vo., 

History  of  England  from  the 
Accession  of  James  the  Second. 
Popular  Edition.    2  vols.    Cr.  8vo.,  55. 
Student* s  Edition,  2  vols.  Cr.  8vo.,  12s, 
People's  Edition,   4  vols.   Cr.  8vo.,  i6s, 

*  Albany  '  Edition,     With  6  Portraits.    6 

vols.     Large  Crown  8vo.,  35.  6d.  each. 
Cabinet  Edition,    8  vols.  Post  8vo.,  481. 

*  Edinburgh  *  Edition.    4  vols.    8vo.,  6s, 

each. 
Library  Editum.    5  vols.    8vo.,  £^. 
Critical  and  Historical  Essays^ 
WITH  Lays  of  Ancient  Rome,  etc.,  in  i 
volume. 
Popular  Edition,    Crown  8vo.,  25.  6d, 

*  Silver  Library  '  Edition,    With  Portrait 

and  4  Illustrations  to  the  '  Lays '.    Cr. 
8vo.,  35.  6d. 

Critical  and  Historical  Essays, 

Student* s  Edition,    i  vol.   Cr.  8vo.,  6s. 

*  Trevelyan '  Edition,   2  vols.   Cr.  8vo.,  gs. 
Cabinet  Edition,  4  vols.  Post  8vo.,  241. 

'  Edinburgh '  Edition,    3  vols.     8vo.,  6s. 

each. 
Library  Edition.     3  vols.    8vo.,  365. 


Addiaon  and  Walpole. 
Crolker'B  Boswell's  Johnson. 
Hallam't       Conttttntional 

History. 
Wanren  Hastings. 
The  Earl  of  Chatham  (Two 

Bsaays). 


Frederick  the  Great. 

Ranlce  and  Gladstone. 

Lord  Bacon. 

Lord  Clive 

Lord    Byron,    and     The 

Comic     Dramatists    of 

the  Restoration. 


Miscellaneous       Writings, 
Speeches  and  Poems, 
Popular  Edition,    Crown  8vo.,  2s,  6d, 
Cabinet  Edition,    4  vol 3.     Post  8vo.,  245. 

Selections  from  the  Writings  of 
Lord  Macaulay,  Edited,  with  Occa- 
sional Notes,  by  the  Right  Hon.  Sir  G.  O. 
Trevelyan,  Bart.     Crown  8vo.,  6s. 

Mackinnon  (James,  Ph.D.). 

The  History  of  Edivard  the 
Third,    8vo.,  185. 

The  Growth  and  Decline  of  the 
French  Monarchy,    8vo.,  215.  net. 

Mallet. — Mallet  du  Pan  and  the 
French  Revolution.  .  By  Bernard 
Mallet.  With  Photogravure  Portrait. 
8vo.,  125.  6d,  net. 

May. — The  Constitutional  His- 
tory OF  England  since  the  Accession 
of  George  III.  1760- 1870.  By  Sir  Thumac 
Erskine  May,  K.C.B.  (Lord  Farnborough). 
3  vols.    Cr.  8vo.,  185. 

Merivale  (Charles,  D.D.). 

History  OF  the  Romans  under  the 
Empire,  8  vols.  Crown  8vo.,  35.  6d,  each. 

The  Fall  of  the  Roman  Republic: 
a  Short  History  of  the  Last  Century  of  the 
Commonwealth.     lamo.,  ^s,  6d, 

General  History  of  Rome,  from 

the  Foundation  of  the  City  to  the  Fall  of 
Augustulus,  B.C.  753-A.D.  476.  With  5 
Maps.    Crown  8vo.,  ^s,  6d, 

Montague.  —  The  Elements  of 
Engush  Constitutional  History,  By 
F.  C.  Montague,  M.A.   Crown  8vo.,  3^.  6d. 

Moran. — The  Theory  and  Prac- 
tice OF  THE  English  Government,  By 
Thomas  Francis  Moran,  Ph.D.,  Professor 
of  History  and  Economics  in  Purdue  Uni- 
versity, U.S.     Crown  8vo,,  55.  net. 

Pears. — The  Destruction  of  the 
Greek  Empire  and  the  Story  of  the 
Capture  of  Constantinople  by  the 
Turks,  By  Edwin  Pears,  LL.B.  With 
3  Maps  and  4  Illustrations.     8vo.,  185.  net. 


8 


MESSRS.  LONGMANS  ft  CO.'S  STANDARD  AND  GENERAL  WORKS. 


History,  Politics,  Polity,  Political  Memoirs,  &c. — continued. 


Powell     and     Trevelyan,  —  Thb 

Peasants^  Rising  and  thb  Lollards: 
a  Collection  of  Unpublished  Documents. 
Edited  by  Edgar  Powell  and  G.  M. 
Trevelyan.    8vo.,  6*.  net. 

Rankin  (Reginald). 
The  Marquis  d^Argenson  ;    and 
Richard  thb  Second.  8vo.,  105.  td,  net. 

A  SUBALTERl/S  LETTERS  TO  If  IS 
WiPB,  (The  Boer  War.)  Crown  8vo., 
3*.  W. 

Ransome. — The  Rise  of  Consti- 
tutional GOVBRNMBNT  IN  ENGLAND. 
By  Cyril  Ransome,  M.A.    Crown  8vo.,  ts. 

Rowe. — The  United  States  and 
Porto  Rico.  With  Special  Reference  to 
the  Problems  arising  out  of  our  Contact 
with  the  Spanish-American  Civilization.  By 
Leo  S.  Rowe,  Ph.D.,  Member  of  the  Com- 
mission to  Revise  and  Compile  the  Laws  of 
Porto  Rico  (1900- 1 901),  Chairman  of  the 
Porto  Rican  Commission  (1901-1902).  Crown 
8vo.,  5s.  net. 

Seebohm  (Frederic,  LL.D.,F.S.A.). 

The  English  Village  Community. 

With  13  Maps  and  Plates.     8vo.,  165. 

Tribal  Custom  in  Anglo-Saxon 
Law:  being  an  Essay  supplemental  to 
(i)  *  The  English  Village  Community,' 
(2)  *The  Tribal  System  in  Wales'. 
8vo.,  165. 

Smith. — Carthage  AND  the  Carth- 
aginians. By  R.  BoswoRTH  Smith,  M.A. 
With  Maps,  Plans,  etc.     Cr.  Svo.,  35.  6d. 

Stephens.  —  A  History  of  the 
French  Revolution,  By  H.  Morse 
Stephens.  8vo.  Vols.  I.  and  II.   i8s.  each. 

Stubbs. — History  of  the  Univer- 
sity of  Dublin.  By  J.  W.  Stubbs.  8vo., 
121.  td. 

Stubbs    (William     D.D.,    formerly 
Bishop  of  Oxford). 

Historical     Introductions      to 

the  •  Rolls  Series  '.  8vo.,  i2j.  6d.  net. 

Lectures  on  European  History^ 

1519-1648.      8vo.,  12s.  6d.  net. 

Sutherland.— 7>/^  History  of  Aus- 
traua  and  Nbw  Zealand^  from  1606- 
1900.  By  Alexander  Sutherland,  M.  A., 
and  George  Sutherland,  M.A.  Crown 
8vo.,  21.  fid. 

Taylor.—.^  Student^s  Manual  of 
THE  History  of  India.  By  Colonel  Mea- 
Dows  Taylor,  C.S.I.     Cr.  8vo.,  ys.  6d. 


Thomson. — China  and  the  Powers  : 

a  Narrative  of  the  Outbreak  of  1900.  By 
H.  C.  Thomson.  With  2  Maps  and  29 
Illustrations.     8vo.,  105.  6J.   net. 

TodcL  —  Parliamentary  Govern- 
ment IN  THE  British  Colonies.  By 
Alpheus  Todd,  LL.D.    8vo.,  301.  net. 

Trevelyan. — The  American  Revo- 
lution. By  Sir  G.  O.  Trevelyan,  Bart. 
Part  I.,  8vo.,  13s.  bd.  net.  Part  II.,  2  vols. 
8vo.,  21  i.  net. 

Cheap  Edition.    Vols,  i,  2,  3.    Crovim  8vo., 
55.  net  each. 

Trevelyan. — England  in  the  Age 

OF  Wycliffb.  By  George  Macau  lay 
Trevelyan.    8vo.,  155. 

Turner. — A  His  tor  y  of  the  C  ol  on\  ' 
OF  Victoria  from  its  Discovery  to  its 
Absorption  into  the  Commonwealth  of 
Australia.  By  Henry  Gyles  Turner. 
With  Map  and  Plan.     2  Vols.     8vo.,  21s. 

Wakeman  and  HassalL — Essays 

Introductory  to  the  Study  of  Engush 
Constitutional  History.  Edited  by 
Henry  Opplby  Wakeman,  M.A.,  and 
Arthur  Hassall,  M.A.     Crown  Svo.,  6s. 

Walpole  (Sir  Spencer,  K.C.B). 
History  of  England  from   the 
Conclusion  of  the  Great  IV ax  /at  i 815 
TO  1858.     6  vols.     Crown  8vo.,  6s.  each. 

The  History  of  Twenty-Five 
Years  (1856-1881).  Vols.  I.  and  II.. 
1856-1870.     8vo.,  245.  net. 

Willoughby. — Political  Theories 
of  the  Ancient  World.  By  Westel 
W.  Willoughby,  Ph.D.  Cr.  8vo.,  6j.  net. 

Willson. — Ledger  and  Sword  ;  or, 

The  Honourable  Company  of  Merchants  of 
England  Trading  to  the  East  Indies  (1599- 
1874).  By  Beckles  Willson.  With 
numerous  Portraits  and  Illustrations.  2 
vols.    8vo.,  215.  net. 

Wylie  (James  Hamilton,  M.A.). 
History     of     England      under 

Henry  IV.  4  vols.  Crown  Svo.  Vol 
I.,  1399-1404,  los.  6d.  Vol.  II.,  1405- 
1406,  I5i.  {out  of  print).  Vol.  III.,  1407- 
14H,  i$s.    Vol.  IV.,  1411-1413,  21*. 

The  Council  of  Constance  to  the 
Dea  th  of  John  Hus.    Cr.  8vo.,  6»,  net 

Yardley. — With  the  Inniskilling 

Dragoons  :  the  Record  of  a  CaNralry  Regi- 
ment during  the  Boer  War,  1899-1902.  By 
Lieut.-Colonel  J .  Watkins  Yardley.  With 
Map  and  numerous  Illustrations.  8vo., 
165.  net. 
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Anstruther   Thomson.  —  Eighty 

Years'  Rbm/niscbncss,  By  Colonel  J. 
Anstruther  Thomson.  With  29  Por- 
traits and  other  Illustrations.  2  vols.  8vo., 
215.  net. 

Bacon. — The  Letters  and  Life  of 
Francis  Bacon^  including  all  his  Oc- 
casional iVoRKS,  Edited  by  Jambs  Sped- 
DiNG.    7  vols.    8vo.,  £^  43. 

Bagehot. — Biographical    Studies, 

By  Walter  Bagehot.    Crown  8vo.,  35.  td. 

Bain. — Autobiography,  By  Alex- 
ander Bain,  LL.D.  With  4  Portraits. 
Svo.,  145.  net. 

Beardsley. — The  Last  Letters  of 
Aubrey  Beardsley.  Edited  by  the  Rev. 
John  Gray,  Priest  of  the  Archdiocese  of 
St.  Andrews  and  Edinburgh.  Crown  Svo., 
55.  net. 

Bowen. — Edivard  Bowen  :  a  Me- 
moir. By  the  Rev.  the  Hon.  W.  E.  Bowen. 
With  Appendices,  3  Photogravure  Portraits 
and  2  other  Illustrations.    8vo.,  125.  td.  net. 

Carlyle. — Thomas  Carlyle:  A  His- 
tory of  his  Life.  By  James  Anthony 
Froude. 

1795-1835.    2  vols.    Crown  8vo.,  75. 
1834- 1881.     2  vols.    Crown  8vo.,  75. 

Colville.  —  Duchess  Sarah  :  being 
the  Social  History  of  the  Times  of  Sarah 
Jennings,  Duchess  of  Marlborough.  Com- 
piled and  arranged  by  one  of  her  descend- 
ants (Mrs.  Arthur  Colville^.  With 
10  Photogravure  Plates  and  2  other  Illus- 
trations.     8vo.,  iSs,  net. 

Creig^hton. — Life  and  Letters  of 

Mandbll  Crbighton,  D.D.  Oxon.  and 
Camb.,  sometime  Bishop  of  London.  By 
His  Wife.  With  8  Portraits  and  3  other 
Illustrations.     2  vols.     8vo.,  285.  net. 

Crozier. — My  Inner  Life  :  being  a 

Chapter  in  Personal  Evolution  and  Auto- 
biography. By  John  Beattib  Crozier, 
LL.D.    8vo.,  145. 

Dante. — The  Life  and  Works  of 

Dantb  Alughieri  :  being  an  Introduction 
to  the  Study  of  the  '  Divina  Commedia '. 
By  the  Rev.  J.  F.  Hogan,  D.D.  With 
Portrait.     8vo.,  125.  6^. 

Danton. — Life  of  Danton     By  A. 

H.  Bbesly.    With  Portraits.    Cr.  8vo.,  65. 

Davenport- Hill. — Memoir  of  Rosa- 
mond Daveni'ORT'H ill.  By  Ethel  E. 
Metcalfe.  With  4  Portraits.  Crown  Svo. , 
25.  td.  net. 


De   Vere. — Aubrey  De    Vere  :    a 

Memoir  based  on  his  unpublished  Diaries 
and  Correspondence.  By  Wilfrid  Ward. 
With  2  Portraits  and  2  other  Illustrations. 
8vo.,  145.  net. 

Erasmus. 

Life  and  Letters  of  Erasmus, 
By  James  Anthony  Froude.  Crown 
8vo.,  3«.  bd. 

The  Epistles  of  Erasmus^  ar- 
ranged in  Order  of  Time.  English 
Translations  from  the  Early  Correspond- 
ence, with  a  Commentary  confirming  the 
Chronological  arrangement  and  supplying 
further  Biographical  matter.  By  Francis 
Morgan  Nichols.  2  vols.  8vo.,  185.  net 
each. 

Faraday. — Faraday    as     a     Dis- 

COVBRBR.  By  John  Tyndall.  Crown 
8vo.,  35.  6d. 

Fenelon :     his     Friends    and     his 

Enemies,  1651-1715.  By  E.  K.  Sanders. 
With  Portrait.     8vo.,  105.  6d, 

Fox. —  The  Early  If  is  tor  y  oi> 
Charles JfAMBS  Fox,  By  the  Right  Hon. 
Sir  G.  O.  Trevelyan,  Bart.   Cr.  8vo.,  35.  td. 

Froude. — My  Relations  with  Car- 
lyle, By  James  Anthony  Froude. 
Together  with  a  Letter  from  the  late  Sir 
James  Stephen,  Bart.,  K.C.S.I.,  dated 
December,  1886.       8vo.,  25.  net. 

Grey.  —  Memoir    of    Sir    George 

Grey,  Bart,^  G.CJB.,  1799-1882.  By 
Mandell  Creighton,  D,D,t  late  Lord 
Bishop  of  London.  With  3  Portraits. 
Crown  8vo.,  6i.  net. 

Hamilton. — Life  of  Sir  William 

Hamilton.  By  R.  P.  Graves.  8vo.  3  vols. 
155.  each.    Addendum.    8vo.,  td,  sewed. 

Harrow  School  Register  (The), 

1801-1900.  Edited  by  M.  G.  Dauglish. 
8vo.     1 05.  net. 

Havelock. — Memoirs  of  Sir  Henry 

Havelock^  K.C.B,  By  John  Clark 
Marshman.    Crown  8vo.,  35.  6^. 

Haweis. — My  Musical  Life,  By  the 

Rev.H.R.HAWEi8.  With  Portrait  of  Richard 
Wagner  and  3  Illustrations.  Cr.  8vo.,  6i.  net. 

Higg^ns. — The  Bernards  ofAbing- 
ton  AND  Nether  Winchendon:  A  Family 
History.  By  Mrs.  Napier  Higgins.  4 
Vols.  Vols.  I  and  2,  8vo.,  21s.  net;  Vols. 
3  and  4,  8vo.,  215.  net. 

Hiley.  —  Memories  of  Half  a 
Century.  By  Richard  W.  Hiley,  D.D., 
Vicar  of  Wighill,  near  Tadcaster,  Yorks. 
8vo.,  15  J. 
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Jackson. — Stonewall  Jackson  and 
THB  AmrricanCivil  War,  By  Lieut.-Col. 
G.  F.  R.  Henderson.  With  2  Portraits  and 
33  Maps  and  Plans.  2  vols.  Cr.  8vo.,  i6«.  net. 

Kielmansegge.— Z>/^i?K  of  a  Jour- 

NRY  TO  England  in  the  Years  1761- 
1762.     By    Count    Frederick    Kielman- 
SEGGE.    With  4  Illustrations.    Crown  Svo. 
5s.  net. 

Luther.  —  Life    of  Luther.      By 

Julius  Kostlin.  With  62  Illustrations 
-and  4  Facsimilies  of  MSS.    Cr.  8vo.,  3^.  td. 

Lyall. — The  Life  of  Edna  Lvall. 

(Ada  Ellen  Bayly.)  By  J.  M.  Escreet. 
With  2  Portraits.     Crown  8vo.,  5*.  net. 

Macaulay. — The  Life  and  Letters 
OF  Lord  Macaulay,  By  the  Right  Hon. 
Sir  G.  O.  Trbvblyan,  Bart. 

Popular  Edition,    i  vol.    Cr.  8vo.,  at.  6<f. 

Students  Edition     i  vol.    Cr.  8vo.,  61. 

Cabinet  Edition.    2  vols.     Post  8vo.,  las. 

*  Edinburgh^  Edition.  2  vols.  8vo.  ,6s.  each. 

Library  Edition.    2  vols.    8vo.,  36s. 

Marbot.  —  The  Memoirs  of  the 
Baron  ds  Marbot.    2  vols.    Cr.  8vo.,  7*. 

Max  Miiller  (F.) 
The  Life  and  Letters  of  the 
Right  Hon.  Pribdrich  Max  MDllsr. 
Edited  by  his  Wife.  With  Photogravure 
Portraits  and  other  Illustrations.  2  vols., 
8vo.,  32s.  net. 

My  Autobiography  :  a  Fragment. 

With  6  Portraits.     8vo.,  12s.  td. 

AuLD  Lang  Syne.     Second  Series. 

8vo.,  los.  6d. 

Chips  from  a  German  Workshop. 

Vol.  II.  Biographical  Essays.  Cr.  8vo.,  55. 

Morris.  —  The  Life  of  William 
Morris.  By  J.  W.  Mackail.  With  2  Por- 
traits and  8  other  Illustrations  by  E.  H.  New, 
etc.    2  vols.     Large  Crown  8vo.,  los.  net. 

On  the  Banks  of  the  Seine.    By 

A.  M.  F.,  Author  of  'Foreign  Courts  and 
Foreign  Homes'.     Crown  8vo.,  ts. 

Paget. — Memoirs  and  Letters  of 
Sir  Jambs  Paget.  Edited  by  Stephen 
Paget,  one  of  his  sons.  With  Portrait. 
8vo.,  6i.  net. 

R&makr/shna :     His     Life     and 

Savings,  By  the  Right  Hon.  F.  Max 
MiJLLER.     Crown  8vo.,  55. 

Rochester,    and    other    Literary 

Rakes  of  die  Court  of  Charles  II.,  with 
some  Acconnt  of  their  Surroundings.  By 
the  Author  of  *The  Life  of  Sir  Kenelm 
Digby,'  The  Life  of  a  Prig,'  etc.  With  15 
Portraits.     8vo.,  i6s. 


Romanes. — The  Life  and  Letters 
OF  George  John  Romanes^  M.A.y  LL.D.^ 
F.R.S.  Written  and  Edited  by  his  Wife. 
With  Portrait  and  2  Illustrations.  Cr.  8vo., 
5s.  net. 

RusselL  — Swallowfield  and  its 

Owners.  By  Constance  Lady  Russell, 
of  Swallowfield  Park.  With  15  Photogravure 
Portraits  and  36  other  Illustrations.  4to., 
gilt  edges,  421.  net. 

Seebohm. — TheOxford  Reformers 
—John  Colet^  Erasmus,  and  TkOMAS 
More  :  a  History  of  their  Fellow- Work. 
By  Frederic  Sbbbohm.    8vo.,  14^. 

Shakespeare.  —  Outlines  of  the 
Life  OF  Shakespeare.  By  J.  O.  Halli- 
wbll-Phillipps.  With  Illustrations  and 
Facsimiles.    2  vols.    Royal  8vo.,  211. 

Tales  of  my  Father.— By  A.  M.  F. 

Crown  8vo.,  ts. 

Tallentyre. — The    Women  of  the 

Salons,  and  other  French  Portraite.  By 
S.  G.  Tallentyre.  With  11  Photogravure 
Portraits.    8vo.,  los.  6d.  net. 

Vemey. — Memoirs  of  the  yERNEv 
Family  during  the  SsrENTESNTH  Ce.v 
TL'RY.  Compiled  from  the  Papers  and 
Illustrated  by  the  Portraits  at  Claydon 
House,  Bucks.  By  Frances  Parthenope 
Verney  and  Margaret  M.  Verney. 
Abridged  and  Cheaper  Edition.  With  24 
Portraits.     2  vols.     Crown  8vo.,  125.  net. 

Victoria,    Queen,    1819-1901.      By 

Richard  R.  Holmes,  M.V.O.,  F.S.A. 
With  Photogravure  Portrait  Crouii  8vo., 
gilt  top,  55.  net. 

Wellington. — Life   of  the  Duke 

OF  Welungton.  By  the  Rev.  G.  R. 
Glbio,  M.A.     Crown  8vo.,  3s.  fid. 

Wilkins  (W.  H.). 
A    Queen    of    Tears  :     Caroline 

Matilda,  Queen  of  Denmark  and  Norway, 
and  Princess  of  Great  Britain  and  Ireland. 
With  2  Portraits  and  47  other  Illustra 
tions.    2  vols.     8vo.,  36s. 

The    Love    of    an     Uncrowned 

Queen:  Sophie  Dorothea,  Consort  of 
George  I.,  and  her  Correspondence  with 
Philip  Christopher,  Count  Konigsmarck. 
With  24  Portraits  and  other  Illustrations. 
8vo.,  124.  6d.  net. 

Caroline  the  Illustrious^  Queen- 
Consort  of  George  II.,  and  sometime 
?ueen- Regent :  a  Study  of  Her  Life  and 
ime.  With  42  Portraits  and  other 
Illustrations.    8vo.,  12s.  6d.  net. 
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Arnold. — Seas  and  Lands,     By  Sir 

Edwin   Arnold.      With  71   Illustrations. 
Crown  8vo.,  3s.  td. 

Baker  (Sir  S.  W.). 
Eight  Years  in  Ceylon.     With  6 

Illustrations.    Crown  8vo.,  35.  6^. 
The    Rifle  and   the  Hound  in 

Cbylon.    With  6  lUusts.    Cr.  8vo.,  35. 6d. 

Ball  Go"n). 
The  Alpine  Guide,   Reconstructed 

and  Revised  on  behalf  of  the  Alpine  Club, 

by  W.  A.  B.  CooLiDGE. 

Vol.  L,  The  Western  Alps:  the  Alpine 
Region,  South  of  the  Rhone  Valley, 
from  the  Col  de  Tenda  to  the  Simplon 
Pass.  With  9  New  and  Revised  Maps. 
Crown  8vo.,  12s,  net. 
fflNTS  AND  JVOTESy  PRACTICAL  AND 

Scientific,  for  Travellers  in  the 
Alps:  being  a  Revision  of  the  General 
Introduction  to  the  *  Alpine  Guide  \ 
Crown   8vo.,   35.   net. 

Bent. — The  Ruined  Cities  of  Ma- 
SHON ALAND .'  being  a  Record  of  Excavation 
and  Exploration  in  189 1.  By  J.  Thbodore 
Bent.  With  117  Illustrations.  Crown 
8vo.,  3s.  td. 

Brassey  (The  Late  Lady). 
A  Voyage  IN THE^  Sunbeam^  ;  Our 

Home   on  the    Ocean  for   Eleven 

Months, 

Cahintt  Edition.    With  Map  and  66  Illus- 
trations.   Cr.  8vo.,  gilt  edges,  75.  6d, 

*  Silver  Library  '  Edition,    With  66  Illus- 
trations.    Crown  8vo.,  3^.  6d, 

Popular  Edition,    With  60  Illustrations. 
4to.,  6<f.  sewed,  15.  cloth. 

School  Edition,     With  37  Illustrations. 
Fcp.,  2i.  cloth,  or  3^.  white  parchment. 

Sunshine  and  Storm  in  the  East, 

Popular  Edition,    With  103  Illustrations. 
4fo.,  6d,  sewed,  15.  cloth. 

In  the  Trades^  the  Tropics,  and 
THE  *  Roaring  Forties  \ 
Cabinet  Edition.   With  Map  and  220  Illus- 
trations.   Cr.  8vo.,  gilt  edges,  71.  6d, 

CockerelL — Travels  in  Southern 
Europe  and  the  Levant^  1810-1817.  By 
C.  R.  CocKERELL,  Architect,  R.A.  Edited 
by  his  Son,  Samuel  Pepys  Cockerell. 
With  Portrait.     8vo.,  105.  td.  net. 

Fountain  (Paul). 
The  Great  Deserts  and  Forests 
op  North  America,    With  a  Preface  by 
W.  H.  Hudson,  Author  of*  The  Naturalist 
in  La  Plata,*  etc.    8vo.,  95.  td.  net. 


Fountain  (Paul) — continued. 

The  Great  Mountains  and 
Forests  of  South  America.  With 
Portrait  and  7  Illustrations.  8vo.,  loj.  6d. 
net. 

The  Great  North-  West  and 
THE  Great  Lake  Region  of  North 
America.    8vo.,  lOi.  6d.  net. 

Froude  (James  A.). 
Oceana  :  or  England  and  her  Col- 
onies. With  9  Illustrations.  Cr.  8vo.,35. 6d. 

The  English  IN  THE  West  Indies: 

or,  the  Bow  of  Ulysses.  With  9  lUustra^ 
tions.  Crown  8vo.,  ^%.  boards,  2«.  bd.  cloth. 

Grove. — Seventy-one  Days'  Camp- 
iNG  IN  Morocco.  By  Lady  Grove.  With 
Photogravure  Portrait  and  32  Illustrations 
from  Photographs.     8vo.,  75.  bd.  net. 

Ha^S^ard. — A  Winter  Pilgrimage  : 

Being  an  Account  of  Travels  through 
Palestine,  Italy  and  the  Island  of  Cyprus, 
undertaken  in  the  year  1900.  By  H.  Rider 
Haggard.  With  31  Illustrations  from  Photo- 
graphs.    Crown  8vo.,  65.  net. 

Hardwick. — An  Ivory  Trader  in 

North  Kenia  :  the  Record  of  an  Expedi- 
tion to  the  Country  North  of  Mount  Kenia 
in  East  Equatorial  Africa,  with  an  account 
of  the  Nomads  of  Galla-Land.  By  A. 
Arkell. Hardwick,  F.R.G.S.  With  23 
Illustrations  from  Photographs,  and  a  Map. 
8vo.,  125.  td.  net. 

Havell. — A  Handbook  to  Agra  and 
THE  Taj,  Sikandra,  Fatehpur-sikri  and 
THE  Neighbourhood.  By  E.  B.  Havell, 
A.K.C.A.,  Principal,  Government  School  of 
Art,  Calcutta,  Fellow  of  the  Calcutta  Uni- 
versity. With  14  Illustrations  from  Photo- 
graphs and  4  Plans.     Crown  8vo.,  55.  net. 

Howitt. —  Visits  to  Remarkable 
Places.  Old  Halls,  Battle- Fields,  Scenes, 
illustrative  of  Striking  Passages  in  English 
History  and  Poetry.  By  William  Howitt. 
With  80  Illustrations.     Crown  8vo.,  35.  td. 

Knight  (E.  F.). 
South  Africa   after   the    War, 

With  17  Illustrations.     8vo.,  lOi.  fid.  net. 

The  Cruise  of  the  *  Falcon  '  .•  a 

Voyage  to  South  America  in  a  30-Ton 
Yacht.  With  2  Maps  and  13  illustra- 
tions.    Crown  8vo.,  35.  td. 

The  ^Falcon'  on  the  Baltic:  a 
Voyage  irom  London  to  Copenhagen  in 
a  Three-Tonner.  With  10  Full-page 
Illustrations.     Crown  8vo.,  35.  bd. 
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Knight  (E.  F.) — continued. 

The  Cruise  of  the  *  Alerte  * :  the 

Narrative  of  a  Search  for  Treasure  on  the 

Desert  Island  of  Trinidad.    With  2  Maps 

and  23  Illustrations.     Crown  8vo.,  SJ.'oii. 

Where  Three  Empires  Meet:  a 

Narrative  of  Recent  Travel  in  Kashmir, 
Western  Tibet,  BaltisUn,  Ladak,  Gilgit, 
and  the  adjoining  Countries.  With  a 
Map  and  54  illustrations.    Cr.  8vo.,  3s.  6d, 

Lees  and  Cluttcrbuck.— -B.C.  1 887  : 

A  Ramelb  IN  British  Columbia.  By  J.  A. 
Lees  and  W.  J.  Clutterbuck.  With  Map 
and  75  Illustrations.     Crown  8vo.,  3s.  bd. 

Lynch. — Armenia:     Travels    and 

Studies.  By  H.  F.  B.  Lynch.  With  197 
Illustrations  (some  in  tints)  reproduced 
from  Photographs  and  Sketches  by  the 
Author,  16  Maps  and  Plans,  a  Bibliography, 
and  a  Map  of  Armenia  and  adjacent 
countries.  2  vols.  Medium  Svo.,  gilt  top, 
42s.  net. 

Nansen. — The  First  Crossing  of 

Greenland.  By  Fridtjof  Nansen.  With 
143  Illustrations  and  a  Map.  Crown  Svo., 
35.  6d. 

Rice. — Occasional  Fssavs  on  Na- 
tive South  Indian  Life,  By  Stanley 
P.  Rice,  Indian  Civil  Service.    8vo.,  105. 6d. 

Smith. — Climbing  in  the  British 
Isles.     By  W.  P.  Haskett  Smith.    With 
Illustrations  and  Numerous  Plans. 
Part  I.  England.    i6mo.,  35.  net. 
Part  II.  IVales  and  Ireland.     i6mo., 
35.  net. 


Spender. — Tivo  Winters  in  Nor- 
way: being  an  Account  of  Two  Holidays 
spent  on  Snow-shoes  and  in  Sleigh  Driving, 
and  including  an  Expedition  to  the  Lapps. 
By  A.  Edmund  Spender.  With  40  Illustra- 
tions from  Photographs.     8vo.,  los.  bd.  net. 

Stephen.  —  The  Pla  k-  Gro  und  of 

Europe  (The  Alps).  By  Sir  Leslie 
Stephen,  K.C.B.  With  4  Illustrations 
Crown  8vo.,  35.  td. 

Stutfield  and  Collie. — Climbs  and 

Explora  tion  in  the  Canadian  Rockies. 
By  Hugh  E.  M.  Stutfield  and  J.  Nor- 
man Collie,  F.R.S.  With  2  Maps,  24 
Full-page  Illustrations,  and  56  Half-page 
Illustrations.     8vo.,  12s.  6^.  net. 

Sverdrup.  —  Neiv    Land  :      Four 

Years  in  the  Arctic  Regions.  By  Otto 
Sverdrup.  Translated  from  the  Nor- 
wegian by  Ethel  Harriet  Hearn.  With 
62  Plates,  162  Illustrations  (4  Maps)  in  the 
the  Text,  and  4  Folding-out  Maps.  2  vols. 
8vo.,  36J.  net. 

Three   in    Norway.     By  Two  of 

Them.  With  a  Map  and  59  Illustrations. 
Crown  8vo.,  %i.  boards,  25.  td.  cloth. 

Tyndall. — (John). 
The  Glaciers  of  the  Alps,    With 

61  Illustrations.    Crown  8vo.,  &s.  M.  net. 

Hours  of  Exercise  in  the  Alps, 

With  7  Illustrations.    Cr.  Svo.,  65.  6d,  net. 
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ARCHER  Y.     By  C.  J.  Longman  and 

Col.  H.  Walrond.  With  Contributions  by 
Miss  Legh,  Viscount  Dillon,  etc.  With 
2  Maps,  23  Plates  and  172  Illustrations  in 
the  Text.  Crown  8vo.,  cloth,  65.  net ;  half- 
bound,  with  gilt  top,  gs.  net. 


ATHLETICS.        By     Montague 

Shearman.  With  Chapters  on  Athletics 
at  School  by  W.  Beach  Thomas  ;  Ath- 
letic Sports  in  America  by  C.  H.  Sherrill  ;  1 
a  Contribution  on  Paper-chasing  by  W.  Rye,  ' 
and  an  Introduction  by  Sir  Richard  Web-  | 
ster  (Lord  Alverstone).  With  12  Plates  ' 
and  37  Illustrations  in  the  Text.  Cr.  8vo.,  | 
cloth,  6^.  net ;  half-bound,with  gilt  top,95.net.  1 


BIG     GAME    SHOOTING. 

Clive  Phillipps-Wolley. 


By 


Vol.  I.  AFRICA  AND  AMERICA. 
With  Contributions  by  Sir  Samuel  W. 
Baker,  W.  C.  Oswell,  F.  C.  Selous* 
etc.  With  20  Plates  and  57  Illustrations 
in  the  Text.  Crown  8vo.,  cloth,  65.  net ; 
half-bound,  with  gilt  top,  95.  net. 

Vol.  II.  EUROPE,  ASIA,  AND  THE 
ARCTIC  REGIONS.  With  Contribu- 
tions by  Lieut.-Colonel  R.  Heber 
Percy,  Major  Algernon  C.  Hbber 
Percy,  etc.  With  17  Plates  and  56  Illus- 
trations in  the  Text.  Crown  3vo.,  cloth 
65.  net ;  half-bouhd,  with  gilt  top,  gs.  net. 
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BILLIARDS.    By  Major  W.  Broad 

FOOT,  R.E.  With  Contributions  by  A.  H. 
Boyd,  Sydenham  Dixon,  W.  J.  Ford,  etc. 
With  II  Plates,  19  Illustrations  in  the  Text, 
and  numerous  Diagrams.  Crown  8vo.,  cloth, 
65.  net ;  half-bound,  with  gilt  top,  95.  net. 


COURSING    AND    FALCONRY. 

By  Harding  Cox,  Charles  Richardson, 
and  the  Hon.  Gerald  Lascelles.  With 
20  Plates  and  55  Illustrations  in  the  Text. 
Crown  8vo.,  doth,  6s.  net ;  half-bound,  with 
gilt  top,  95.  net. 

CRICKET.      By  A.  G.  Steel  and 

the  Hon.  R.  H.  Lyttelton.  With  Con- 
tributions by  Andrew  Lano,  W.  G.  Grace, 
F.  Gals,  etc.  With  13  Plates  and  51  Illus- 
trations in  the  Text.  Crown  8vo.,  cloth,  6s. 
net ;  half-bound,  with  gilt  top,  95.  net. 


C  YCLING.     By  the  Earl  of  Albe-  ^ 
MARLS  and  G.   Lacy  Hillisr.     With  19 
Plates   and  44   Illustrations   in   the    Text. 
Crown  8vo.,  cloth;  65.  net ;  half-bound,  with  ' 
gilt  top,  95.  net.  • 


DANCING.     By  Mrs.  Lilly  Grove. 

With  Contributions  by  Miss  Middleton, 
The    Hon.    Mrs.  Armytage,   etc.      With  \ 
Musical  Examples,  and  38  Full-page  Plates  , 
and  93  Illustrations  in  the  Text.      Crown 
8vo.,  cloth,  6s.  net ;   half-bound,  with  gilt 

top,  9s.  net.  I 

I 

DRIVING.  By  His  Grace  the  (Eighth) 
Duke  ol  Beaufort,  K.G.  With  Contribu- 
tions by  A.  E.  T.  Watson  the  Earl  of 
Onslow,  etc.  With  12  Plates  and  54  Illus- 
trations in  the  Text.  CroMm  8vo.,  cloth,  6s. 
net ;  half-bound,  with  gilt  top,  9s.  net. 

FENCING,  BOXING,  AND 
WRESTLING.  By  Walter  H.  Pollock, 
F.  C.  Grove,  C.  Prevost,  E.  B.  Mitchell, 
and  Walter  Armstrong.  With  18  Plates  ■ 
and  24  Illustrations  in  the  Text.  Crown 
8vo.,  cloth,  6s.  net;  half-bound,  with  gilt 
top,  9s.  net. 


FISHING.     By  H.  Cholmondeley- 
Pennsll. 

Vol.  I.  SALMON  AND  TROUT.  With 
Contributions  by  H.  R.  Francis,  Major 
John  P.  Traherne,  etc.  With  9  Plate» 
and  numerous  Illustrations  of  Tackle,  etc. 
Crown  8vo.,  cloth,  6s.  net ;  half-bound,, 
with  gilt  top,  9s.  net. 

Vol.  II.  PIKE  AND  OTHER  COARSE 
FISH.  With  Contributions  by  the 
Marquis  of  Exeter,  William  Senior, 
G.  Christopher  Davis;  etc.  With 
7  Plates  and  numerous  Illustrations  ot 
Tackle,  etc.  Crown  8vo.,  cloth,  6s.  net ; 
half-bound,  with  gilt  top,  9s.  net. 

FOOTBALL.  History,  by  Mon- 
tague Shearman  ;  Tub  Association 
Gamr^  by  W.  J.  Oakley  and  G.  O.  Smith  ; 
Thb  Rugby  Union  Oams,  by  Frank 
Mitchell.  With  other  Contributions  by 
R.  £.  Macnaghten,  M.  C.  Kemp,  J.  E. 
Vincent,  Walter  Camp  and  A.  Suther- 
land. With  19  Plates  and  35  Illustrations 
in  the  Text.  Crown  8vOm  cloth,  6j.  net ; 
half-bound,  with  gilt  top,  9s.  net. 

GOLF.    By  Horace  G.  Hutchinson. 

With  Contributions  by  the  Rt.  Hon.  A.  J. 
Balfour,  M.P.,  Sir  Walter  Simpson,  Bart.» 
Andrew  Lang,  etc.  With  34  Plates  and  56 
Illustrations  in  the  Text.  Crown  8vo.,  cloth, 
6s.  net ;  half-bound,  with  gilt  top,  9s.  net. 

HUNTING.  By  His  Grace  the 
(Eighth)  Duke  of  Beaufort,  K.G.,  and 
Mowbray  Morris.  With  Contributions  by 
the  Earl  of  Suffolk  and  Berkshire, 
Rev.  E.  W.  L.  Davies,  G.  H.  Longman, 
etc.  With  5  Plates  and  54  Illustrations  in 
the  Text.  Crown  8vo.,  cloth,  6s.  net ;  half- 
bound,  with  gilt  top,  9s.  net. 

MOTORS  AND  MOTOR-DRIV- 
ING. By  Sir  Alfred  C.  Harmsworth, 
Bart.,  the  Marquis  de  Chasseloup-Lau- 
bat,  the  Hon.  John  Scott-Montagu,  R.  J. 
Mecredy,  the  Hon.  C.  S.  Rolls,  Sir  David 
Salomons,  Bart.,  etc.  With  14  Plates  and 
160  Illustrations  in  the  Text.  Crown  8vo., 
cloth,  9s.  net ;  half-bound,  12s.  net. 

A  Cloth  Box  for  use  when  Motoring,  2s.  net. 
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MOUNTAINEERING,     By  C.  T. 

Dent.  With  Contributions  by  the  Right 
Hon.  J.  Bryce,  M.P.,  Sir  Martin  Conway, 
D.  W.  Freshfield,  C.  E.  Matthews,  etc. 
With  13  Plates  and  91  Illustrations  in  the 
Text.  Crown  8vo.,  cloth,  65.  net ;  half- 
bound,  with  gilt  top,  9s.  net. 

POETRY   OF   SPORT  [THE),^ 

Selected  by  Hbdley  Peek.  With  a 
Chapter  on  Classical  Allusions  to  Sport  by 
Andrew  Lang,  and  a  Special  Preface  to 
the  BADMINTON  LIBRARY  by  A.  E.  T. 
Watson.  With  32  Plates  and  74  Illustra- 
tions in  the  Text.  Crown  8vo.,  cloth,  65. 
net ;  half-bound,  with  gilt  top,  91.  net. 

RACING  AND  STEEPLECHAS- 
ING,  By  the  Earl  op  Suffolk  and 
Berkshire,  W.  G.  Craven,  the  Hon.  F. 
Lawley,  Arthur  Coventry,  and  A.  E.  T. 
Watson.  With  Frontispiece  and  56  Illus- 
trations in  the  Text.  Crown  8vo.,  cloth,  6s, 
net ;  half-bound,  with  gilt  top,  gs.  net. 

RIDING  AND  POLO,  By  Captain 
Robert  Weir,  J.  Moray  Brown,  T.  F. 
Dale,  The  Late  Duke  of  Beaufort,  The 
Earl  of  Suffolk  and  Berkshire,  etc. 
With  18  Plates  and  41  Illusts.  in  the  Text 
Crown  8vo.,  cloth,  6s,  net ;  half-bound, 
with  gilt  top,  91.  net. 

ROWING,     By  R.  P.  P.  Rowe  and 

C.  M.  Pitman.  With  Chapters  on  Steering 
by  C.  P.  Serocold  and  F.  C.  Begg  ;  Met- 
ropolitan Rowing  by  S.  Le  Blanc  Smith  ; 
and  on  PUNTING  by  P.  W.  Squire.  With 
75  IlIustrationR.  Crown  8vo.,  cloth,  65.  net ; 
half-bound,  with  gilt  top,  95.  net. 

SHOOTING, 

Vol.  I.  FIELD  AND  COVERT.  By  Lord 
Walsingham  and  Sir  Ralph  Payne- 
Gallwey,  Bart.  With  Contributions  by 
the  Hon.  Gerald  Lascelles  and  A.  J.  , 
Stuart-Wortley.  With  11  Plates  and  ' 
95  Illustrations  in  the  Text.  Crown  8vo., 
cloth,  6s.  net ;  half-bound,  with  gilt  top, 
9s.  net. 

Vol.  II.  MOOR  AND  MARSH.  By 
Lord  Walsingham  and  Sir  Ralph  Payne- 
Gallwey,  Bart.  With  Contributions  by 
Lord  Lovat  and  Lord  Charles  Lennox 
Kerr.  With  8  Plates  and  57  Illustrations 
in  the  Text.  Crown  8vo.,  cloth,  65.  net ; 
half-bound,  with  gilt  top,  95.  net. 


SEA  FISHING,     By  John  Bicker 

dyke,  Sir  H.  W.  Gore-Booth,  Sir  Alprep 
C.  Harmsworth,  Bart.,  and  W.  Senior. 
With  22  Full-page  Plates  and  175  Illusts. 
in  the  Text.  Crown  8vo.,  cloth,  6s,  net ; 
half-bound,  with  gilt  top,  95.  net. 


SKATING,  CURLING,  TOBOG- 
GANING, By  J.  M.  Hbathcutb,  C.  G. 
Tebbutt,  T.  Maxwell  Witham,  Rev. 
John  Kerr,  Ormond  Hake,  Henry  A. 
Buck,  etc.  With  12  Plates  and  272  Illus- 
trations in  the  Text.  Crown  8vo.,  cloth,  6j. 
net ;  half-bound,  with  gilt  top,  9s.  net. 


SWIMMING,  By  Archibald  Sin- 
clair and  William  Henry,  Hon.  Seca.of  the 
Life- Saving  Society.  With  13  Plates  and  11 2 
Illustrations  in  the  Text.  Crown  Bvo.,  cloth, 
6s,  net ;  half-bound,  with  gilt  top,  9s.  net. 


TENNIS,        LA  WN       TENNIS, 

RACKETS  AND  FIVES.  By  J.  M.  and 
C.  G.  Heathcotb,  E.  O.  Pleydbll-Bou- 
VBRIE,  and  A.  C.  Ainger.  With  Contributions 
by  the  Hon.  A.  Lyttelton,  W.  C.  Mar- 
shall, Miss  L.  DoD,  etc.  With  14  Plates  and 
65  Illustrations  in  the  Text.  Crown  8\'o., 
cloth,  6s,  net ;  half-bound,  with  gilt  top, 
95.  net. 

YACHTING, 

Vol.  I.  CRUISING,  CONSTRUCTION 
OF  YACHTS,  YACHT  RACING 
RULES.  FITTING-OUT.  etc.  By  Sir 
Edward  Sullivan,  Bart.,  The  Earl  of 
Pembroke,  Lord  Brassey,  K.C.B.,  C. 
E.  Seth-Smith.  C.B.,  G.  L.  Watson,  R. 
T.  Pritchett,  E.  F.  Knight,  etc.  With 
21  Plates  and  93  Illustrations  in  the 
Text.  Crown  8vo.,  doth,  65.  net ;  half- 
bound,  with  gilt  top,  9s.  net. 

Vol.  II.  YACHT  CLUBS,  YACHT- 
ING  IN  AMERICA  AND  THE 
COLONIES,  YACHT  RACING,  etc. 
By  R.  T.  Pritchett,  The  Marquis  or 
DuFPERiN  AND  AvA,  K.P.,  The  Eaxl  or 
Onslow,  James  McFerran,  etc.  With 
35  Plates  and  160  Illustrations  in  the 
Text.  Crown  8vo.,  cloth,  9*.  net ;  half- 
bound,  with  gilt  top,  9s.  net. 
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FUR,   FEATHER,  AND  FIN  SERIES. 

Edited  by  A.  E.  T.  Watson. 
Crown  8vo.,  price  55.  each  Volume,  cloth. 
\^  The  Volumes  are  also  issued  half-bound  in  Leather^  with  gilt  top.    Price  js.  6d,  net  each. 


THE  PARTRIDGE.  Natural  His- 
tory, by  the  Rev.  H.  A.  Macphbrson; 
Shooting,  by  A.  J.  Stuart-Wortley  ; 
Cookery,  by  Gboroe  Saintsbury.  With 
II  Illustrations  and  various  Diagrams. 
Crown  8vo.,  55. 

THE  GROUSE,  Natural  History,  by 
the  Re^ .  H.  A.  Macphbrson  ;  Shooting, 
by  A,  J.  Stuart- WoRTLBY ;  Cookery,  by 
George  Saintsbury.  With  13  Illustrations 
and  various  Diagrams.     Crown  8vo.,  55. 

THE  PHEASANT  Natural  History, 
by  the  Rev.  H.  A.  Macphbrson  ;  Shooting, 
by  A.  J.  Stuart-Wortlby  ;  Cookery,  by 
Alexander  Innbs  Shand.  With  10  Illus- 
trations and  various  Diagrams.  Crown 
8vo.,  55. 

THE  HARE,  Natural  History,  by 
the  Rev.  H.  A.  Macphbrson  ;  Shooting, 
by  the  Hon.  Gerald  Lascelles  ;  Coursing, 
by  Charles  Richardson  ;  Hunting,  by  J. 
S.  Gibbons  and  G.  H.  Longman;  Cookery, 
by  Col.  Kbnney  Herbert.  With  9 
Illustrations.    Crown  8vo.,  55. 

THE  RABBIT    By  James  Edmund 

Harting.    Cookery,  by  Alexander  Innbs 
Shand.    With  10  Illustrations.    Cr.  8vo.,  51. 


SNIPE  AND   WOODCOCK.      By 

L.  H.  De  Visme  Shaw.  With  Chapters  on 
Snipe  and  Woodcock  in  Ireland  by  Richard 
J.  Ussher.  Cookery,  by  Alexander  Innes 
Shand.    With  8  Illustrations.     Cr.  8vo.,  55. 

RED  DEER.—'^zXMxiS.  History,  by 
the  Rev.  H.  A.  Macphbrson  ;  Deer  Stalk- 
ing, by  Cameron  op  Lochiel;  Stag 
Hunting,  by  Viscount  Ebrington  ; 
Cookery,  by  Alexander  Innbs  Shand. 
With  10  Illustrations.     Crown  8vo.,  53. 

THE  SALMON  By  the  Hon.  A.  E. 
Gathorne-Hardy.  With  Chapters  on  the 
Law  of  Salmon  Fishing  by  Claud  Douglas 
Pennant  ;  Cookery,  by  Alexander  Innbs 
Shand.    With  8  Illustrations.    Cr.  8vo.,  51. 

THE  TROUT     By  the  Marquess 

OF  Granby.  With  Chapters  on  the  Breed- 
ing of  Trout  by  Col.  H.  Custance  ;  and 
Cookery,  by  Alexander  Innes  Shand. 
With  12  Illustrations.     Crown  8vo.,  55. 

PIKE  AND  PERCH.  By  William 
Senior  (*  Redspinner,'  Editor  of  the 
*  Field ').  With  Chapters  by  John  Bicker- 
dyke  and  W.  H.  Pope;  Cookery,  by 
Alexander  Innes  Shand.  With  12  Il- 
lustrations.    Crown  8vo.,  55. 


Anstruther    Thomson.  —  Eighty 

Years*  Rbminiscbncbs.  By  Colonel  J. 
Anstruther  Thomson.  With  29  Por- 
traits and  other  Illustrations.  2  vols.  8vo., 
215.  net. 

Bickerdyke. — Da  vs  of  My  Life  on 

WATSSt  Frbsh  and  Salt;  and  other 
Papers.  By  John  Bickerdyke.  With 
Photo-etching  Frontispiece  and  8  Full -page 
Illustrations.    Crown  8vo.,  35.  6d. 

Ellis. — Chess  Sparks  ;  or,  Short  and 
Bright  Games  of  Chess.  Collected  and 
Arranged  by  J.  H.  Ellis,  M.A.  8vo.,  45.  td. 

Blackbume.  —  Mr.    Blackburnes 

Games  at  Chess.  Selected,  Annotated 
and  Arranged  by  Himself.  Edited,  with  a 
Biographical  Sketch  and  a  brief  History  of 
Blindfold  Chess,  by  P.  Anderson  Graham. 
With  Portrait  of  Mr.  Blackburne.  8vo., 
ys.  6d.  net. 


Ford. — The  Theory  and  Practice 
OP  Archery.  By  Horace  Ford.  New 
Edition,  thoroughly  Revised  and  Re-written 
by  W.  Butt,  M.A.  With  a  Preface  by  C. 
J.  Longman,  M.A.    8vo.,  145. 

Fremantle.  —  The   Book   of    the 

Rifle.  By  the  Hon.  T.  F.  Fremantle, 
V.D.,  Major,  ist  Bucks  V.R.C.  With  54 
Plates  and  107  Diagrams  in  the  Text.  8vo., 
1 25.  bd.  net. 

Gathome  -  Hardy.  —  Autumns    in 

Argyleshjre  with  Rod  and  Gun.  By 
the  Hon.  A.  E.  Gathorne-Hardy.  With 
8  Illustrations  by  Archibald  Thorburn. 
8vo.,  65.  net. 

Graham. — Country  Pastimes  j-or 
Boys.  By  P.  Anderson  Graham.  With 
252  Illustrations  from  Drawings  and 
Photographs.      Cr.  8vo.,  gilt  edges,  35.  net. 
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Hutchinson,— 7V^  Book  of  Golf]  Payne-Gallwey  (Sir  Ralph,  Bart.). 

AND  GOLPBRS,       By  H  OR  ACE  G.  HUTCHIN 


SON.     With  71  Portraits  from  Photographs. 
Large  crown  8vo.,  gilt  top,  7s.  6d.  net. 

Lang. — Angling     Sketches,       By 

Andrew    Lano.      With    20    Illustrations. 
Crown  8vo.,  35.  6<i. 


Lillie. — CroqL'E  t  up  to  Da  te.    C  on  - 

taining  the  Ideas  and  Teachings  of  the 
Leading  Players  and  Champions.  By  Ar- 
thur Lillie.  With  19  Illustrations  (15 
Portraits),  and  numerous  Diagrams.  8vo., 
iQs.  bd.  net. 


Longman. — Chess  Openings.     By 

Frederick  W.  Longman.  Fcp.  8vo.,  25.  bd. 


Mackenzie. — Notes  for  Hunting 

Mbn    By   Captain   Cortlandt   Gordon 
Mackenzie.     Crown  8vo.,  25.  6d.  net 


Madden. — The  Diary  of  Master 

IV1LLIAM  Silbncb  :  a  Study  of  Shakespeare 
and  of  Elizabethan  Sport  By  the  Right 
Hon.  D.  H.  Madden,  Vice- Chancellor  of  the 
University  of  Dublin.     8vo.,  gilt  top,  i6i. 


Maskelyne. — Sharps  and  Flats  :  a 
Complete  Revelation  of  the  Secrets  oi 
Cheating  at  Games  of  Chance  and  Skill.  By 
John  Nevil  Maskelyne,  of  the  Egyptian 
Hall.  With  62  Illustrations.  Crown  8vo.,  65. 


Millais.  —  The     Wild-Foivler    in 

Scotland.  ByJ.G.  Millais,  F.Z.S.  With 
a  Frontispiece  in  Photogravure  by  Sir  J.  £. 
Millais,  Bart.,  P.R.A.,  8  Photogravure 
Plates,  2  Coloured  Plates  and  50  Illustra- 
tions from  the  Author's  Drawings  and  from 
Photographs.    Royal  4to.,  gilt  top,  305.  net. 


Modern  Bridge.— By  *  Slam '.  With 

a  Reprint  of  the  Laws  of  Bridge,  as  adopted 
by  the  Portland  and  Turf  Clubs.  i8mo., 
gilt  edges,  35.  6d.  net. 


Park. — The   Game  of   Golf.      By 

William  Park,  Jun.,  Champion  Golfer, 
1887-89.  With  17  Plates  and  26  Illustra- 
tions in  the  Text.     Crown  8vo.,  7s.  td. 


The  CROSS'Boiy :  Mediaeval  and 
Modern  ;  Military  and  Sporting ;  its 
Construction,  History  and  Management, 
with  a  Treatise  on  the  Balista  and  Cata- 
pult of  the  Ancients.  With  220  Illustra- 
tions.    Royal  4to.,  £3  3s.  net 

Letters  to  Young  Shooters  (First 

Series) .  On  the  Choice  and  use  of  a  Gun. 
With  41  Illustrations.   Crown  8vo.,  7$.  W. 

Letters  TO  Young SHooTERs{Second 

Series).  On  the  Production,  Preservation, 
and  Killing  of  Game.  With  Directions 
in  Shooting  Wood- Pigeons  and  Breaking- 
in  Retrievers.  With  Portrait  and  103 
Illustrations.     Crown  8vo.,  12s.  6d. 

Letters     to     Young     Shooters. 

(Third  Series.)  Comprising  a  Short 
Natural  History  of  the  Wildfowl  that 
are  Rare  or  Common  to  the  British 
Islands,  with  complete  directions  in 
Shooting  Wildfowl  on  the  Coast  and 
Inland.  With  200  Illustrations.  Crown 
8vo.,  181. 

Proctor. — Ifofy  to  Play  Whist: 
with  the  Laws  and  Etiquette  of 
Whist.  By  Richard  A.  Proctor.  Crown 
8vo.,  gilt  edges,  35.  net. 

Ronalds. — The  Fly-Fisher's  Ento- 
mology. By  Alfred  Ronalds.  With  20 
coloured  Plates.    8vo.,  14s. 


Somerville. — Slipper* s   A  B  C  of 

Fox-hunting.  By  E.  CE.  Somerville, 
M.F.H.,  Joint  Author  of  *  Some  Experiences 
of  an  Irish  R.M.,'  etc.  With  Illustrations 
in  Colour  by  the  Author.  4to.,  boards, 
I  OS.  6^.  net. 


Thomas-Stanford.  —  A   Fiver    of 

Norway:  being  the  Notes  and  Reflections 
of  an  Angler.  By  Charles  Thomas- 
Stanford.  With  10  Photogravure  Plates, 
I  Map  and  i  Plan.     8vo.,  95.  net. 

Thompson,  Cannanand  Doneraile. 

—Combined  Hand  -in-  Hand  Figurb 
Skating.  By  Norcliffe  G.  Thompson, 
F.  Laura  Cannan  and  Viscount  Do.ne- 
railb,  Members  of  the  Skating  Club. 
i6mo.,  25.  bd.  net. 
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Abbott. — The  Elements  of  Logic, 

By  T.  K.  Abbott,  B.D.     lamo.,  3*. 

Aristotle. 

The  Ethics:  Greek  Text,  Illustrated 
with  Essay  and  Notes.  By  Sir  Albxan- 
DBR  Grant,  Bart.    2  vols.    8vo.,  325. 

An  Introduction  to  Aristotl^s 
Ethics.  Books  L- IV.  (BookX.  c.vi.-ix. 
in  an  Appendix).  With  a  continuous 
Analysis  and  Notes.  By  the  Rev.  E. 
MooRE,  D.D.    Crown  8vo.,  105.  6d, 

Bacon  (Francis). 

Complete  Works,  Edited  by  R.  L. 
Ellis,  James  Speddino  and  D.  D. 
Heath.    7  vols.    8vo.,  £1  13*.  6rf. 

Letters  and  Life,  including  all  his 
occasional  Works.  Edited  by  Jambs 
Speddino.    7  vols.    8vo.,  £^  41. 

The  Essa  ys  :  with  Annotations.  By 
Richard  Whatelv,  D.D.    8vo.,  105.  6^. 

The  Essays:  with  Notes.  By  F. 
Storr  and  C.  H.  Gibson.   Cr.  8vo.,  35.  td. 

The  Essays:  with  Introduction, 
Notes,  and  Index.  By  E.  A.  Abbott,  D.D. 
2  Vols.  Fcp.  8vo.,6j.  The  Text  and  Index 
only,  without  Introduction  and  Notes,  in 
One  Volume.     Fcp.  8vo.,  2i.  M. 

Bain  (Alexander). 

Mental  and  Moral   Science  :   a 

Compendium  of  Psychology  and  Ethics. 
Crown  8vo.,  105.  6d, 

Or  separately, 
Part  I.  Psychology  and  History  of 
Philosophy.    Crown  8vo.,  65.  6d. 

Part  1 1 .  Theory  of  E  thics  and  E  thica  l 
Systems,    Crown  8vo.,  45.  6<f. 

Logic,  Part  I.  Deduction,  Cr.  8vo., 
45.    Part  II.  Induction,   Cr.  8vo.,  65. 6rf. 

The  Senses  and  the  Intellect. 

8vo.,  155. 

The    Emotions   and  _  the    Will 

8vo.,  15*. 

Practical  Essa  ys.    C r.  8vo. ,  is. 

Dissertations  on  Leading  Philo- 
sophical Topics,     8vo.,  7*.  ^.  net. 


Brooks. — The  Elements  of  Mind  ; 

being  an  Examination  into  the  Nature  of 
the  First  Division  of  the  Elementary  Sub- 
stances of  Life.  By  H.  Jamyn  Brooks. 
8vo.,  iQS.  6d,  net. 


Broug'h. — The  Study  of  Mental 

SciBNCB:  Five  Lectures  on  the  Uses  and 
Characteristics  of  Logic  and  Psychology. 
By  J.  Brough,  LL.D.    Crown  8vo,  25.  net. 


Crozier  (John  Beattie). 
Civilisation  AND  Progress:  being 

the  Outlines  of  a  New  System  of  Political, 
Religious  and  Social  Philosophy.  8vo.,i4S. 

History  of  Intellectual  De- 
velopment :  on  the  Lines  of  Modern 
Evolution. 

Vol.  I.    8vo.,  14J. 

Vol.11.     (In  preparation.) 

Vol.  III.    8vo.,  I05.  6d, 


Fite. — An  Introductory  Study  of 

Ethics,  By  Warner  Fite.  Cr.  8vo.,  6».  6rf. 

Green  (Thomas  Hill), — The  Works 

OF.    Edited  by  R.  L.  Nbttlbship. 

Vols.  I.  and  II.  Philosophical  Works.    8vo. 
16s.  each. 

Vol.  III.  Miscellanies.  With  Index  to  the 
three  Volumes,  and  Memoir.    8vo.,  211. 

Lectures  on  the  Principles  of 
Political  Obugation.  With  Pre&ce 
by  Bernard  Bosanquet.    8vo.,  55. 

Gumhill. — The  Morals  of  Suicide, 

By  the  Rev.  J.  Gurnhill,  B.A.  Vol.  I., 
Crown  8vo.,  5$.  net.  Vol.  II.,  Crown  8vo., 
55.  net. 


Hibbert. — Life  and  Energy:    an 

Attempt  at  a  new  Definition  of  Life ;  with 
applications  to  Morals  and  Religion.  A 
revised  account  of  four  addresses  given  at 
the  Polytechnic  Institute,  Regent  Street, 
London,  by  Walter  Hibbert,  F.I.C, 
A,M,I.E,E,     Crown  8vo.,  25.  6d,  net. 
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Hodgson  (Shadworth  H.). 
T/ME  AND  Space:  A  Metaphysical 
Essay.    8vo.,  165. 

The    Theory   of   Practice:    an 

Ethical  Inquiry.    2  vols.    8vo.,  24s. 

The  Philosophy  of  Reflection. 

2  vols.      SVO.,  215. 

The  Metaphysic  of  Experience. 

Book  L  General  Analysis  of  Experience ; 
Book  n.    Positive   Science;    Book   IIL 
Ana  ysis  of  Conscious  Action ;  Book  IV.  ! 
The  Real  Universe.  4  vols.   8vo.,  365.  net. 


Hume. — The  Philosophical  Works 
OP  David  Hums,  Edited  by  T.  H.  Grben 
and  T.  H.  Grose.  4  vols.  8vo.,  285.  Or 
separately,  Essays.  2  vols.  14s.  Treatise 
OF  Human  Nature.    2  vols.     14s. 

James  (William,  M.D.,  LL.D.). 
The  Will  to  Believe,  and  Other 

Essays  in  Popular  Philosophy.  Crown 
8vo.,  7s.  td. 

The  Varieties  of  Religious  Ex- 

PBRiBNCB:  a  Study  in  Human  Nature. 
Being  the  Giffbrd  Lectures  on  Natural 
Religion  delivered  at  Edinburgh  in  1901- 
1902.     8vo.,  I2S.  net. 

Talks  to    Teachers  on  Psycho- 
logy, AND  TO  Students  on  some  of  . 
Life's  Ideals.     Crown  8vo. ,  45.  6d.        \ 

I 

Justinian. — The  Institutes  op 
Justinian  :  Latin  Text,  chiefly  that  of 
Huschke,  with  English  Introduction,  Trans- 
lation, Notes,  and  Summary.  By  Thomas 
C.  Sandars,  M.A.    8vo.,  i8s. 

Kant  (Immanuel). 
Critique  of  Practical  Reason^ 
AND  Other  IVorks  on  the  Theory  of 
Ethics.    Translated  by  T.  K.  Abbott, 
B.D.     With  Memoir.     8vo.,  125.  6d. 

Fundamental  Principles  of  the 
Metaphysic  of  Ethics,  Translated  by 
T.  K.  Abbott,  B.D.     Crown  8vo,  35. 

Introduction  to  Logic ^  and  his 
Essay  on  the  Mistaken  Subtilty  of 
THE  Four  Figures.  Translated  by  T. 
K.  Abbott.    8vo.,  65 

Kelly, — Government  or  Human 
Evolution.  By  Edmond  Kelly,  M.A., 
F.G.S.  Vol.  I.  Justice.  Crown  8vo.,  75.  6d. 
net.  Vol.  II.  Collectivism  and  Individualism. 
Crown  8vo.,  105.  td.  net. 

Killick. — Handbook  to  Mill's 
System  of  Logic.  By  Rev.  A.  H. 
Killick,  M.A.     Crown  8vo.,  35.  bd. 


Ladd  (George  Trumbull). 
Philosophy  of  Conduct:  a  Treatise 

of  the  Facts,  Principles  and  Ideals  of 
Ethics.     8vo.,  215. 

Elements  of  Physiological  Psy- 
chology.    8V0.,  215. 

Outlines  of  Descriptive  Psycho- 
logy: a  Text-Book  of  Mental  Science  for 
Colleges  and  Normal  Schools.    8vo.,  125. 

Outlines  of  Physiological  Psy- 
chology.    8vO.,  125. 

Primer  of  Psychology.     Cr.  8vo., 

Lecky{WiLLiAM  Edward  Hart  pole). 

The  Map  of  Life  :  Conduct  and 
Character.     Crown  8vo.,  55.  net. 

History  of  European  Morals 
from  Augustus  to  Charlemagne.  2 
vols.     Crown  8vo.,  105.  net. 

A    Survey  of  English  Ethics  : 

being  the  First  Chapter  of  W.  E.  H. 
Lecky's  '  History  of  European  Morals '. 
Edited,  with  Introduction  and  Notes,  by 
W.  A.  Hirst.     Crown  8vo.,  3s.  6d. 

History  of  the  Rise  and  Influ- 
ence of  the  Spirit  of  Rationalism 
IN  Europe.    2  vols.    Cr.  8vo.,  10*.  net. 

Democracy  and  Liberty. 

Library  Edition.     2  vols.     8vo.,  365. 
Cabinet  Edition.  2  vols.  Cr.  8vo.,  los.  net. 

Lutoslawski. — The  Origin  and 
Growth  of  Plato'' s  Logic.  With  an 
Account  of  Plato's  Style  and  of  the  Chrono- 
logy of  his  Writings.  By  Wincenty 
Lutoslawski.    8vo.,  215. 

Max  Miiller  (F.). 

The  Six  Systems  of  Indian  Phil- 
osophy.   Crown  8vo.,  75.  bd.  net. 

Three  Lectures  on  the  Vedanta 
Philosophy.    Crown  8vo.,  55. 

Mill  (John  Stuart). 
A  System  of  Logic.  Cr.  8vo.,  35.  Sd. 
On  Liberty.     Crown  8vo.,  is,  4//. 
Considerations  on  Representa- 
tive Government.    Crown  8vo.,  a*. 
Utilitarianism.     8vo.,  is.  6d, 

Examination  of  Sir  William 
Hamiltoi/s  Philosophy.    8vo„  i6s. 

Nature^  the  Utility  of  Religion^ 
AND  Theism.    Pbree  Essays.     8vo.,  55. 
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Mo  nek. — An    Introduction    to 

Logic,      By  William  Henry  S.  Monck, 
M.A.     Crown  8vo.,  55. 

Myers. — Human  Personality  and 
ITS  Survival  of  Bodily  Dbath.  By 
Frederic  W.  H.  Myers.  2  vols.  8vo., 
425.  net. 

Pierce. — Studies  in  Auditory  and 
Visual  Spacb  Pbrcbption  :  Essays  on 
Experimental  Psychology.  By  A.  H. 
Pierce.     Crown  8vo.,  6s,  6d,  net. 

Richmond. — The  Mind  of  a  Child, 

By  Ennis  Richmond.    Cr.  8vo.,  3*.  6d,  net. 

Romanes. — Mind  and  Motion  and 
Monism,  By  George  John  Romanes, 
Cr.  8vo.,  41.  6d, 

Russell. — The  First  Conditions  of 
Human  Prosperity,  By  the  Hon.  R. 
Russell.     Crown  8vo.,  2s.  td.  net. 

Sully  (James). 

An    Essay    on    Laughter  :      its 

Forms,  its  Cause,  its  Development  and 
its  Value.    8vo.,  12s.  6d,  net. 
The  Human  Mind  :  a  Text-book  of 

Psychology.     2  vols.    8vo.,  215. 

Outlines  of  Psychology,     Crown 

8vo.,  95. 

The  Teacher's  Handbook  Of  Psy- 
chology,   Crown  8vo.,  6s.  td. 
Studies     of     Childhood,     8vo., 

125.  td,  net. 

Children's  Ways:  being  Selections 
from  the  Author's  '  Studies  of  Childhood  \ 
With  25  Illustrations.  Crown  8vo.,  45.  td, 

Sutherland.  —  The  Origin  and 
Growth  of  ihb  Moral  Instinct,  By 
Alexander  Sutherland,  M.A.  2  vols. 
8vo.,  285. 


Swinburne.  —  Picture   Logic  :    an 

Attempt  to  Popularise  the  Science  of 
Reasoning.  By  Alfred  James  Swinburne, 
M.A.    With  23  Woodcuts.    Cr.  8vo.,  zs.  6d. 

Thomas.  —  Intui  tive    Sugges  tion. 

By  J.  W.  Thomas,  Author  of*  Spiritual  Law 
in  the  Natural  World,*  etc.  Crown  8vo., 
31.  6d,  net. 

Webb. — The  Veil  of  /sis  :  a  Series 

of  Essays  on  Idealism.  By  Thomas  £. 
Webb,  LL.D.,  Q.C.    8vo.,  105.  6d, 

Weber. — History  of  Philosophy, 

By  Alfred  Weber,  Professor  in  the  Uni- 
versity of  Strasburg.  Translated  by  Frank 
Thilly,  Ph.D.    8vo.,  165. 

Whately  (Archbishop). 
Bacon's  JSssa  ys.  With  Annotations. 

8vo.,  I05.  6d, 

Elements  of  Logic.  Cr.  8vo.,  45.  6d, 

Elements  OF  Phetoric.  Cr.  8vo., 
4s.  6d. 

Zeller  (Dr.  Edward), 
The     Stoics,    Epicureans,    a  ad 

Scbptics,     Translated  by  the  Rev.  O.  J. 
Reichel,  M.A.    Crown  8vo.,  155. 

Outlines  of  the  History  of 
Grbbk  Philosophy,  Translated  by 
Sarah  F.  Alleyne  and  Evelyn  Abbott, 
M.A.,  LL.D.     Crown  8vo.,  105.  6<f. 

Plato  and  the  Older  Academy, 

Translated  by  Sarah  F.  Alleyne  and 
Alfred  Goodwin,  B.A.   Crown  8vo.,  i8j. 

Socrates  and  the  Socratic 
Schools,  Translated  by  the  Rev.  O. 
J.  Reichel,  M.A.    Crown  8vo.,  los,  6d. 

Aristotle  AND  the  Earlier  Peri^ 
patbtics.  Translated  by  B.  F.  C.  Cos- 
TELLOE,  M.A.,  and  J.  H.  Muirhead. 
M.A.     2  vols.     Crown  8vo.,  245. 


STONYHURST  PHILOSOPHLCAL  SERIES, 


A  Manual  of  Political  Economy, 

By  C.  S.  Devas,  M.A.     Crown  8vo.,  7*.  bd. 

First  Principles    of   Knowledge, 
By  John  Rickaby,  S.J.     Crown  8vo.,  55. 

General  Metaphysics,      By  John 

RiCKABY,  S.J.    Crown  8vo.,  5J. 

Logic,     By  Richard  F.  Clarke,  S.J. 

Crown  8vo.,  55. 


Moral  Philosophy  {Ethics  and 
Na tubal  Law),  By  Joseph  Rickaby,  S.J. 
Crown  8vo.,  55. 


Natural  Theology,      By  Bernard 

BoEDDER,  S.J.     Crown  8vo.,  6^.  6d, 


Psychology,      By  Michael  Maher, 

S.J.,  D.Litt.,  M.A.  (Lond.).   Cr.  8vo.,  6s.  td. 
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History  and  Seienee  of  Language,  &g. 


Davidson.— Z-fi^/>/A^G  and  Import- 
ant Engush  Words  :  Explained  and  Ex- 
emplified. By  William  L.  Davidson, 
M.A.     Fcp.  8vo.,  3s.  6d. 

Graham.  —  Engush    Synonyms^ 

Ciaissified  and  Explained:    with   Practical 
Exercises.  By  G.  F.  Graham.  Fcp.  8vo.,  6s. 

Max  MiiUer  (F.). 
The  Science  of  Language,    2  vols. 

Crown  8vo.,  los. 

Biographies  of  IVords,  and  the 
Home  of  tub  Aryas.    Crown  8vo.,  5s. 


Max  MiiUer  (F.) — continued. 

Chips  from  a  German  IVor/cshop. 
Vol.  in.  Essays  on  Language  and 
Literature.    Crown  8vo.,  5s. 

Last  Essays,  First  Series.  Essays 
on  Language,  Folk-lore  and  other  Sub- 
jects.    Crown  8vo.,  5*. 

Roget. — Thesaurus  of  JEnglish 
Words  and  Phrases,  Classified  and 
Arranged  so  as  to  Facilitate  the  Expression 
of  Ideas  and  assist  in  Literary  Composition. 
By  Peter  Mark  Roget,  M.D.,  F.R.S. 
With  full  Index.     Crown  8vo.,  gj.  net. 


Political  Eoonomy,  Eoonomios,  &e. 


Ashley  (W.  J.). 
Surveys,  Historic  and  Economic, 

Crown  8vo.,  gs.  net. 

English  Economic  History  and 
Theory,  Crovm  8vo.,  Part  I.,  5s.  Part 
II.,  los.  td. 

The  Progress  of  the  German 
Working  Classes  /x  the  lastQ uarter 
OF  A  Century.  With  a  Map,  Diagrams 
and  Charts.     Crown  8vo.,  is,  6d,  net. 

The  Adjustment  of   Wages:    a 

Study  on  the  Coal  and  Iron  Industries  of 
Great  Britain  and  the  United  States. 
With  4  Maps.      8vo.,  125.  bd,  net. 

British  Industries:  a  Series  of 

General  Reviews  for  Business  Men  and 
Students.  By  various  Authors.  Edited  by 
W.  J.  Ashley.     Crown  8vo.,  5*.  td.  net. 

Bas^hot* — Economic  Studies.  By 
Walter  Bagehot.     Crown  8vo.,  35.  td, 

Bamett. — Practicable  Socialism: 

Essays  on  Social  Reform.     By  Samuel  A. 
and  Henrietta  Barnett.    Crown  8vo.,  6s. 

Brassey. — Fifty  Years  of  Pro- 
gress AND  the  New  Fiscal  Policy. 
By  Lord  Brassey,  K.C.B.,  D.C.L.  8vo., 
sewed,  25.  net;  cloth,  2s,  6d,  net. 

Chapman. —  Work  and  Wages:  in 

continuation  of  Lord  Brassey's  *  Work  and 

Wages'  and  'Foreign  Work  and  English 

Wages  *. 

Vol.  I.  Foreign  Competition.  By  Sydney 
J.  Chapman,  M.A.,  Professor  of  Political 
Economy  and  Dean  of  the  Faculty  of 
Conmierce  in  the  Victoria  University  of 
Manchester.  With  an  Introduction  by 
Lord  Brassey,  K.C.B.,  D.C.L.,  LL.D., 
Commander  of  ihe  Legion  of  Honour. 
Medium  8vo.,  js.  6d,  net. 

Devas. — A  Manual  of  Political 

Economy.    By  C.  S.  Devas,  M.A.  Cr.Svo., 
75.  6d.     (Stonyhurst  Philosophical  Series,) 


Dewey. — Financial  History  of  the 
United  States,  By  Davis  Rich  Dewey. 
CroMm  8vo.,  75.  6d.  net. 

Leslie. — Essays  on  Political  Eco- 
nomy, By  T.  E.  Cliffe  Leslie,  Hon. 
LL.D.,  Dubl.     8vo.,  los.  fid. 

List. — The  National  System  of 
Political  Economy  By  Frederick  List. 
Translated  by  Sampson  S.  Lloyd.  New 
and  Cheaper  Edition.  With  an  Introduction 
by  J.  Shield  Nicholson,  D.Sc.  Crown 
8vo.,  6s,  net. 

Macleod  (Henry  Dunning). 
Bimetallism,    8vo.,  5s.  net. 
The  Elements  of  Banning,     Cr. 

8vo.,  35.  6d, 

The    Theory  and   Practice    of 

Banking,  Vol.  I.  8vo.,  125.  Vol.  II.  143. 

The    Theory  of    Credit,       8vo. 

In  I  Vol.,  305.  net;  or  separately.  Vol. 
I.,  10s,  net.  Vol.  II.,  Part  I.,  los.  net. 
Vol  II.,  Part  II.  los.  net. 

Indian  Currency,  8vo.,  25.  6d,  net. 
Mill. — Political     Economy,        By 

John  Stuart  Mill.    Popular  Edition.    Cr. 
8vo.,35.6<i.  Library  Edition,  2  vols.  8vo.,3os. 

Muihall. — Industries  and  Weai^tu 
OF  Nations.  By  Michael  G.  Mulhai.l, 
F.S.S.   With  32  Diagrams.    Cr.  8vo.,  85.  6tff . 

Sjrmes.  —  Political  Economy  :  a 
Short  Text-book  of  Political  Economy. 
With  Problems  for  Solution,  Hints  for 
Supplementary  Reading,  and  a  Supple- 
mentary Chapter  on  S<x:ia]ism.  By  J.  E. 
Symes,  M.A.     Crown  8vo.,  2^.  6d, 

Toynbcc. — Lectures  on  the  In- 
dustrial Revolution  of  the  18th  Cen- 
tury IN  England,  By  Arnold  Toynbek. 
8vo.,  I05.  6d, 

Webb.  —  London  Educa  tion,     B|* 

Sidney  Webb.    Crown  8vo.,  zs.  td,  net.    ' 
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Political  Economy,  Economies,  &e. — continued. 


Webb  (Sidney  and  Beatrice). 
The  History  of  Irade  Unionism. 

With  Map  and  Bibliography.  8vo.,  75.  td. 
net. 

Industrial  Democracy  :  a  Study 

in  Trade  Unionism.   2  vols.  8vo.,  125.net. 


Webb  (Sidney  and  Beatrice) — coni. 
Problems  of  Modern  Industry. 

8vo.,  55.  net. 

The  History  of  Liquor  Licensing 
IN  England,  principally  from  1700  to 
1830.     Crown  8vo.,  2s.  td,  net. 


Evolution,  Anthropology,  &c. 


Avebury. — The  Origin  of  Civilisa- 
tion, and  the  Primitive  Condition  of  Man. 
By  the  Right  Hon.  Lord  Avebury.  With 
6  Plates  and  20  Illustrations.    8vo.,  185. 

Clodd  (Edward). 
The  Story  of  Creation:  a  Plain 

Account  of  Evolution.  With  77  Illustra- 
tions.    Crown  8vo.,  35.  td» 

A  Primer  of  Evolution:  being  a 

Popular  Abridged  Edition  of  '  The  Story 
of  Creation '.  With  Illustrations.  Fcp. 
8vo.,  15.  td. 

Doubts  about  Darwinism.     By  a 

Semi-Darwinian.     Crown  8vo.,  35.  6d. 

Gerard. — The  Old  Riddle  and  the 

Newest  Answer.      By    John    Gerard, 
S.J.,  F.L.S.     Crwn  8vo.   55.  net. 

Keller. — Queries  in  Ethnography. 
By  Albert  Galloway  Keller,  Ph.D. 
Fcp.  8vo.,  25.  net. 


Lang:    ^uid    Atkinson.  —  Social 

Origins.  By  Andrew  Lanq,  M.A.,  LL.D. ; 
and  Primal  Law.  By  J.  J.  Atkinson. 
8vo.,  I05.  6d.  net. 

Romanes  (George    John). 
Ess  A  YS.    Ed.  by  C.  Lloyd  Morgan. 

Crown  8vo.,  5s.  net. 

An  Examination  of    Weismann- 

ISM.     Crown  8vo.,  6s. 

Darwin^  and  after  Darwin:  an 
Exposition  of  the  Darwinian  Theory,  and  a 
Discussion  on  Post- Darwinian  Questions. 
Part  I.  The  Darwinian  Theory.    With 

Portrait  of  Darwin  and  125  Illustrations. 

Crown  8vo.,  los.  bd.   • 
Part  II.    Post- Darwinian  Questions: 

Heredity  and  Utility.     With  Portrait  of 

the  Author  and  5  Illustrations.   Cr.  8vo., 

I05.  td. 
Part    III.      Post-Darwinian    Questions : 

Isolation  and  Physiological  Selection. 

Crown  8vo.,  55. 


The  Seienee  of  Religion,  &e. 

Lang^  (Andrew) — continued. 
Modern  Mythology  :  a  Reply  to 

Professor  Max  Miiller.    8vo.,  95. 

The  Ma  king  of  Religion.  Cr.  8vo., 
5s.  net. 


Balfour.  —  The   Foundations    of 

Bblisp  :  being  Notes  Introductory  to  the 
Study  of  Theology.  By  the  Right  Hon. 
Arthur  James  Balfour.  Cr.  8vo.,  6s.  net. 

Baring-Gould. — The  Origin  and 
Dbvblopmbnt  op  Religious  Belibp. 
By  the  Rev.  S.  Baring-Gould.  2  vols. 
Crown  8vo.,  35.  6d.  each. 

Campbell. — Religion  in  Greek  Li- 
terature. By  the  Rev.  Lewis  Campbell, 
M.A.,  LL.D.    8vo.,  155. 

James. — The  Varieties  of  Re- 
UGious  Experience:  a  Study  in  Human 
Nature.  Being  the  Gifford  Lectures  on 
Natural  Religion  delivered  at  Edinburgh  in 
1901-1902.  By  William  James,  LL.D., 
etc.     8vo.,  125.  net. 

Lang  (Andrew). 

Magic  and  Religion.  8vo.,  105.  6d. 

Custom  and  Myth:  Studies  of 
Early  Usage  and  Belief.  With  15 
Illustrations.      Crown  8vo.,  35.  6d. 

Myth^  Ritual^  and  Religion.     2 

vols.     Crown  8vo.,  ^i. 


Max  Miillcr  (The  Right  Hon.  F.). 
The  Silesian  Horseherd  {^  Das 

Pferdeburla  ') :  Questions  of  the  Hour 
answered  by  F.  Max  Muller.  With  a 
Preface  by  J.  Estlin  Carpenter.  Crown 
8vo.,  55. 

Chips  from  a  German  Workshop. 

Vol.  IV.  Essays  on  Mythology  and  Folk- 
lore.   Crown  8vo.,  5s. 

The     Six    Systems    of    Indian 
Philosophy.    Crown  8vo.,  7*.  td,  net. 

Contributions  to  the  Science  op 

Mythology.    2  vols.    8vo.,  325. 
The  Origin  and  Growth  of  Reli- 

GiONt  as  illustrated  by  the  Religions  of 
India.  The  Hibbert  Lectures,  delivered 
at  the  Chapter  House,  Westminster 
Abbey,  in  1878.    Crown  8vo.,  52. 


ai       M£SSl(S.  LONGMANS  &  CO.'S  STANDARD  AND  GENERAL  WORKS. 


The  Soienee  of  Religion,  &o. — contintied. 


Max  MuUer  (The  Right  Hon.  F.)— 

continiud, 

ItfTRODUCTlON  TO  THE  SCIENCE  OF 
Religion  :  Four  Lectures  delivered  at  the 
Royal  Institution.    Crown  8vo.,  55. 

Natural  Religion,  The  Gilford 
Lectures,  delivered  before  the  University 
of  Glasgow  in  1888.    Crown  8vo.,  55. 

Physical  Religion.      The  Gifford 

Lectures,  delivered  before  the  University 
of  Glasgow  in  1890.     Crown  8vo.,  51. 

Anthropological  Religion,     The 

Gifford  Lectures,  delivered  before  the  Uni- 
versity of  Glasgow  in  1891.     Cr.  8vo.,  55. 

THEOSOPHYy  OR  PSYCHOLOGICAL  RE- 
LIGION The  Gifford  Lectures,  delivered 
before  the  University  of  Glasgow  in  1892. 
Crown  8vo.,  55. 


Max  MuUer  (The  Right  Hon.  F.)— 

continued. 

Three  Lectures  on  the  Vedanta 
Philosophy^  delivered  at  the  Royal 
Institution  in  March,  1894.     Cr.  8vo.,  51. 

Last    Essays.      Second     Series — 

Essays    on     the     Science    of    Religion. 
Crown  8vo.,  55. 

Oakesmith.  —  The     Religion    of 

Plutarch  :  a  Pagan  Creed  of  Apostolic 
Times.  An  Essay.  By  John  Oakesmith, 
D.Litt.,  M.A.     Crown  8vo.,  $s.  net. 

Wood-Martin  (W.  G.). 
Traces  of  the  Elder  Faiths  of 
Ireland  :  a  Folk-lore  Sketch.  A  Hand- 
book of  Irish  Pre-Christian  Traditions. 
With  192  Illustrations.  2  vols.  Sxt)., 
30S.  net. 

Pagan  Ireland  :  an  Archseological 
Sketch.  A  Handbook  of  Irish  Pre- 
Christian  Antiquities.  With  512  Illus- 
trations.    8vo.,  I5i. 


Classieal  Literature,  Translations,  &6. 


Abbott. — Hellenica.     A  Collection 

of  Essays  on  Greek  Poetry,  Philosophy, 
History,  and  Religion.  Edited  by  Evelyn 
Abbott,  M.A.,  LL.D.     Crown  8vo.,  7s.  6</. 


iEschylus. — EuMENiDEs  of  yEsCHY- 
LUS.  With  Metrical  English  Translation. 
By  J.  F.  Da  VIES.    8vo.,  71. 

Aristophanes.  —  The   Acharnians 

of  Aristophanes^  translated  into  English 
Verse.    By  R.  Y.  Tyrrell.    Crown  8vo.,  ij. 

Becker  (W.  A.),  Translated  by  the 
Rev.  F.  Metcalfe,  B.D. 

Gallus  :  or,  Roman  Scenes  in  the 
Time  of  Augustus.  With  Notes  and  Ex- 
cursuses. With  26  Illustrations.  Crown 
8vo.,  35.  td. 

Charicles  :  or,  Illustrations  ot  the 
Private  Life  of  the  Ancient  Greeks. 
With  Notes  and  Excursuses.  With  26 
Illustrations.     Crown  8vo.,  35.  td, 

Campbell. — Religion  in  Greek  Li- 
teraturb.  By  the  Rev.  Lewis  Campbell, 
M.A.,  LL.D.,  Emeritus  Professor  of  Greek, 
University  of  St.  Andrews.     8vo.,  15 j. 


Cicero. — Cicero* s  Correspondence. 
By  R.  Y.  Tyrrell.  Vols.  I.,  II.,  III.,  8vo., 
each  I2J.  Vol.  IV.,  15J.  Vol.  V.,  i+i. 
Vol.  VI.,  125.     Vol.  VII.  Index,  75.  Sd. 

Harvard    Studies    in     Classical 

Philolofinr.  Edited  by  a  Committee  of  the 
Classical  Instructors  of  Harvard  University'. 
Vols.  XL,  1900 ;  XII.,  1901 ;  XIIL,  1902 ; 
XIV.,  1903.     8vo.,  6s.  6^.  net  each. 

Homer. — The  Odyssey  of  Homer. 

Done  into  English  Verse.  By  William 
Morris.    Crown  8vo.,  55.  net. 

Horace. — The  Works  of  Horace^ 
rbndrrrd  into  English  Prose.  With 
Life,  Introduction  and  Notes.  By  William 
CouTTS,  M.A.     Crown  8vo.,  5*.  net. 

Lang^. — Homer  and  the  Epic.     By 

Andrew  Lang.    Crown  8vo.,  95.  net. 

Lucian.  —  Translations     from 

LuciAN.  By  Augusta  M.  Campbell 
Davidson,  M.A.  Edin.    Cro\vn  8vo.,  55.  net. 

O^lvie. — HoRAE  Latinae  :  Studies 

\r\  Synonyms  and  Syntax.  By  the  late 
Robert  Ogilvie,  M.A.,  LL.D.,  H.M.  Chief 
Inspector  of  Schools  for  Scotland.  Edited 
by  Alexander  Souter,  M.A.  With  a 
Memoir  by  Joseph  Ogilvie,  M.A.,  LL,D. 
8vo.,  125.  6</.  net. 
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Classical  Literature,  Translations,  &e. — continued. 


Rich. — A  Dictionary  of  Roman  and 

Grbek  Antiquitibs,  By  A.  Rich,  B.A. 
With  2000  Woodcuts.    Crown  8vo.,  ti,  net. 

Sophocles. — Translated  into  English 
Verse.  By  Robert  Whitelaw,  M.A., 
Assistant  Master  in  Rugby  School.  Cr.  8vo., 
85.  td, 

Theophrastus. — The    Characters 

OF  Theophrastus  :  a  Translation,  with 
Introduction.  By  Charles  E.  Bennett 
and  William  A.  Hammond,  Professors  in 
Cornell  University.     Fcp.  8vo.,  25.  6d.  net. 

Tjnrell.  —  Dublin  Translations 
INTO  Grbbk  and  Latin  Vbrsb,  Edited 
by  R.  Y.  Tyrrell.    8vo.,  6i. 

Virgil. 

The  Poems  of  Virgil.  Translated 
into  English  Prose  by  John  Coninoton. 
Crown  8vo.,  65. 


Virgil — contin  ued. 

The  ^Eneid  of  Virgil.  Translated 
into  English  Verse  by  John  Coninoton. 
Crown  8vo.,  6j. 

The  ^neids  of  Virgil,  Done  into 
English  Verse.  By  William  Morris. 
Crown  8vo.,  55.  net. 

The  ^Eneid  of  Virgil^  freely  trans- 
lated into  English  Blank  Verse.  By 
W.  J.  Thornhill.     Crown  8vo.,  6j.  net. 

The  /Eneid  of  Virgil.    Translated 

into  English  Verse  by  James  Rhoades. 
Books  L-VL     Crown  8vo.,  5J. 
Books  VIL-XIL     Crown  8vo.,  5*. 

The  Eclogues  and  Georgics  of 
Virgil.  Translated  into  English  Prose 
by  J.  W.  Mackail,  Fellow  of  Balliol 
College,  Oxford.     i6mo.,  5s. 

Wilkins. — The    Growth    of    the 
Homeric  PoBMS.  By  G.  Wilkins.  8vo.,  65. 


Poetry  and  the  Drama. 


American  Familiar  Verse.     Vers 

de  Soci^t^.  Edited,  with  an  Introduction, 
by  Brander  Matthews,  Litt.D  (Yale),  of 
Columbia  University.     Crown  8vo..  6s.  net. 

Arnold. —  The  Light  of  the  World: 

or,  The  Great  Consummation.  By  Sir 
Edwin  Arnold.  With  14  Illustrations 
after  Holm  an  Hunt.     Crown  8vo.,  55.  net. 


Bell  (Mrs.  Hugh). 

Chamber  Comedies  :  a  Collection 
of  Plays  and  Monologues  for  the  Drawing 
Room.     Crown  8vo.,  55.  net. 

Fairy  Tale  Flays,  and  How  to 
Act  Them.  With  91  Diagrams  and  52 
Illustrations.     Crown  8vo.,  35.  net. 

Nursery  Comedies  :  Twelve  Tiny 
Plays  for  Children.     Fcap.  8vo.,  is.  6d. 

RuMPELSTiLTZKiN :  a  Fairy  Play  in 
Five  Scenes  (Characters,  7  Male ;  i  Fe- 
male). From  '  Fairy  Tale  Plays  and 
How  to  Act  Them  '.  With  Illustrations, 
Diagrams  and  Music.   Cr.  8vo.,  sewed,  bd. 


Dante.  —  The     Dread    Inferno  : 

Notes  for  Beginners  in  the  Study  of  Dante. 
By  M.  Alice  Wyld.  With  Frontispiece. 
Fcp.  8vo.,  25.  6^.  net 

Gore-Booth  (Eva). 

Unseen  Kings,  and  Other  Forms, 

Crown  8vo.,  2s.  bd.  net. 

The  One  and  the  Many  :  Poems. 

Crown  8vo.,  25.  6d.  net. 

Graves.  —  Clytmmnestra  :    a 

Tragedy.  By  Arnold  F.  Graves.  With 
a  Preface  by  Robert  Y.  Tyrrell,  Litt.D. 
Crown  8vo.,  5*.  net. 

Hither  and  Thither:   Songs  and 

Verses.  By  the  Author  of  *  Times  and 
Days,'  etc.     Fcp.  8vo.,  55. 

Hughes  -  Games.  —  Thekla     and 

other  Poems.  By  Stephen  Hughes- 
Games.     Crown  Svo. ,  35.  td.  net. 

Ingelow  (Jean). 
Foetical    Works.      Complete    in 

One  Volume.  Crown  8vo.,  gilt  top,  6i.  net. 

Lyrical  and  other  Forms.  Selec- 
ted from  the  Writings  of  Jean  Inqelow. 
Fcp.  Svo.,  25.  td.  cloth  plain,  35.  cloth  gilt. 
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Poetry  and   the  Drama — continued. 


Kendall.  —  Poems  of  Henry 
Clarence  Kendall,  With  Memoir  by 
Frederick  C.  Kendall.    Crown  8vo.,  65. 

Lang. — The  Blue   Poetry  Book. 

Edited  by  Andrew  Lano.    With  100  lUus- 
tntions.    Crown  8vo.,  gilt  edges,  6s. 

Lecky. — Poems.  By  William  Ed- 
ward Hartpole  Lecky.     Fcp.  8vo.,  55. 

LjTtton  (The  Earl  of),  (Owen 
Meredith). 

The  Wanderer.    Cr.  8vo.,  105.  6d, 

Lucile.    Crown  8vo.,  105.  6d. 

Selected  Poems.   Cr.  8vo.,  lOs.Sd 

Macaulay. — La  ys  of  Ancient  Rome^ 
WITH  *  /n?K*  AND  '  The  Armada  \  By 
Lord  Macaulay. 

Illustrated  by  G.  Scharp.  Fcp.  4to.,  los.  td. 

Bijou       Edition. 

iSmo.,  2J.  6<f.  gilt  top. 
: Popular  Edition. 

Fcp.  4to.,  td.  sewed,  is.  cloth. 

Illustrated  by  j.  R.  Weouelin.  Crown 
8vo.,  31.  net. 

Annotated  Edition.  Fcp.  8vo.,  is.  sewed, 
IS.  fid.  cloth. 

MacDonald. — A  Book  of  Strife,  in 

THE    FORM   OF    THE    DlARY    OF    AN   OLD 

Soul  :    Poems.     By  George  MacDonald, 
LL.D.     i8mo.,  6s. 

Morris  (William). 

POETICAL  WORKS -Library  Edition. 
Complete  in   11  volumes.     Crown  8vo., 
price  5s.  net  each. 

The  Earthly  Paradise.  4  vols. 
Crown  8vo.,  5s.  net  each. 

The  Life  and  Dea  th  of  Jason. 

Crown  8vo.,  5s.  net. 

The  Defence  of  Gueneyere^  and 
other  Poems.    Crown  8vo.,  5s.  net. 

The  Stor  y  of  Sigur d  the  Vols ung^ 
AND  The  Fall  of  the  Niblungs.  Cr. 
8vo.,  5s.  net. 

Poems  by  the  JVay,  and  Love  is 
Enough.    Crown  8vo.,  5s.  net 


Morris  (William) — continued. 
The  Odyssey  of  Homer.      Done 

into  English  Verse.     Crown  8vo.,  5^.  net. 

The  j£,neids  of    Virgil.       Done 

into  English  Verse.    Crown  8vo..  5s.  net 

The  Tale  of  Beowulf^  sometime 

King  of  the  Folk  of  the  Wbdbrgea  ts. 

Translated  by  William  Morris  and  A. 

J.  Wyatt.     Crown  8vo.,  5s.  net. 
Certain  of  the  Poetical  Works  may  also  be 

had  in  the  following  Editions : — 

The  Ear  thl  y  Paradise. 

Popular  Edition.  5  vols.  i2mo.,  25s.; 
or  ^s.  each,  sold  separately. 

The  same  in  Ten  Parts,  25s.;  or  25.  td. 
each,  sold  separately. 

Cheap  Edition,  in  i  vol.  Crown  8vo., 
6s.  net. 

New  Cheap  Edition  in  Fourteen  Parts, 
comprised  in  10  vols.  Parts  1-8  and  11 
and  12,  price  is.  net  each.  Parts  9  and 
10,  in  one  vol  ,  price  2S,  net.  Parts  13 
and  14,  in  one  vol.,  price  21.  net.  {In 
course  of  Publication.) 

Poems  by  the  Wa  y.    Square  crown 
8vo.,  6s. 

The  Defence  of  Guenevere^  and 

Other     Poems       Cheaper     Impression. 
Fcp.  8vo.,   IS    td.  net. 

•,•  For    Mr.    William    Morris's    other 
Works,  see  pp.  27,  28,  37  and  40. 

Mors  et  Victoria.    Cr.  8vo.,  55.  net. 

* ^  This  is  a  drama  in  three  acts,  the 
scene  of  which  is  laid  in  France 
shortly  after  the  massacre  of  St. 
Bartholomew. 

Morte  Arthur:  an  Alliterative  Poem 
of  the  Fourteenth  Century.  Edited  from 
the  Thornton  MS.,  ^ith  Introduction, 
Notes  and  Glossary.  By  Mary  Macleod 
Banks.     Fcp.  8vo.,  3s.  td. 

Nesbit. — La  ys  and  Legends.    By  E. 

Nesbit  (Mrs.  Hubert  Bland).  First 
Series.  Crown  8vo.,  3s.  td.  Second  Series. 
With  Portrait.     Cro\^n  8vo  ,  5s. 

Riley.  —  Old    Fashioned    Roses  : 

Poems.  By  James  Whitcomb  Riley. 
lamo.,  gilt  top,  5s. 

Romanes. — A  Select/on  from  the 
Poems  of  George  Joun  A*omanbs,  M,A.^ 
LL.D.y  F.R.S.  With  an  Introduction  by 
T.  I^Ierbert  Warren,  President  of  Mag- 
dalen College,  Oxford.     Crown  8vo.,  45  6^. 
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Poetry  and  the  Drsjn^— continued. 


Savage-Armstrong. — Ballads    of 

Down,      By    G.   F.   Savage-Armstrono, 
M.A.,  D.Litt.     Crown  8vo.,  75.  td, 

Shakespeare. 

Bowdler's  Family  Shakespeare, 
With  36  Woodcuts,  i  vol.  8vo.,  14*. 
Or  in  6  vols.     Fcp.  8vo.,  215. 

The  Sha  kespeare  Bir  thda  y  Book, 

By   Mary  F.  Dunbar.     32010.,  is,  6d, 

Sheehan.  —  *  Losr  Angel  of  a 
Ruined  Paradise.'  A  Drama  of  Modern 
Life.      Crown  Svo.,  35.  6d, 

Stevenson. — A  Ch/ld*s  Garden  of 
Verses,  By  Robert  Louis  Stevenson. 
Fcp.  Svo.,  gilt  top,  5 J. 


Trevelyan. — Cecilia    Gonzaga  :   a 

Drama.  By  R.  C.  Trevelyan.  Fcp. 
8vo.,  25.  6d.  net. 

Wagner. — The  Nibelungen  Ring, 

Done  into  English  Verse  by  Reginald 
Rankin,  B.A.,  of  the  Inner  Temple,  Barris- 
ter-at-Law. 

Vol.  I,     Rhine  Gold,  The  Valkyrie.     Fcp. 
8vo.,  gilt  top,  45.  td. 

Vol.    IL     Siegfried,  The  Twilight  of  the 
Gods.     Fcp.  8vo.,  gilt  top,  45.  6d, 

Wyld.  —  The    Dread    Inferno; 

Notes  for  Beginners  in  the  Study  of  Dante. 
By  M.  Alice  Wyld.  With  Frontispiece. 
Fcap.  8vo.,  2s.  6</.  net. 


Fiotion,  Humour,  &e. 

American  Short  Stories.    Selected    Beaconsfield  (The  Earl  of). 

and  Edited,  with  an  Introductory  Essay  on 
the  Short  Story,  by  Charles  Skars  Bald- 
win, A.M.,  Ph.D.  Assistant  Professor  in 
Yale  University.     Crown  8vo.,  6i.  net. 


Novels    and    Tales,       Complete 

in  II  vols.     Crown  Svo.,  is.  6^.  each. 


Vivian  Grey. 
The     Young     Duke ; 
Count    Alarcos :    a 


in 
Heaven ;    The    In- 
fernal      Marriage ; 
Popanilla. 
rancred. 


Anstey  (F.). 

^%^\f '>''''''''     (Reprinted    from  ^,,^^;^  ^ I^.^„ 
•Punch*.)  - 

First  Series.     With  20  Illustrations  by  J. 

Bernard   Partridge.     Cr.  8vo.,   gilt 

top,  35.  net. 
Second  Series.   With  25  Illustrations  by  J, 

Bernard  Partridge.  Cr.  8vo.,  gilt  top, 

3*.  net. 

The  Man  from  Blankley^s^  and 

other  Sketches.  (Reprinted  from '  Punch '.) 
With  25  Illustrations  by  J.  Bernard 
Partridge.     Cr.  8vo.,  gilt  top,  35.  net. 


Contarini      Fleming ; 

The  Rise  of  Iskan- 

der. 
Sybil. 

Henrietta  Temple. 
Venetia. 
Coningsby. 
Lothair. 
Endymion. 

Novels  and  Tales,  The  Hugh-- 
endbn  Edition,  With  2  Portraits  and 
II  Vignettes.     11  vols.     Crown  8vo.,  425. 


Dougall. — Beggars    All,      By    L. 
Doug  all.     Crown  8vo.,  35.  6</. 


Bailey  (H.  C). 
My  Lady  of  Orange  :  a  Romance 
of  the  Netherlands  in  the  Days  of  Alva. 
With  8  Illustrations.     Crown  8vo.,  65. 

Karl  of  Breach  :   a  Tale  of  the 

Thirty  Years*  War.      Crown  8vo.,  6s. 

The  Master  of  Gray  :  a  Tale  of 

the    Days    of    Mary    Queen    of   Scots. 
Crown  8vo.,  6s. 

Churchill. — Savrola  :  a  Tale  of  the 

Revolution  in  Laurania.  By  Winston 
Spencer  Churchill,  M.P.    Cr.  8vo.,  6s. 

Converse. — Long  Will  :  a  Tale  of 

Wat  Tyler  and  the  Peasant  Rising  in  the 
Reign  of  Richard  II.  By  Florence  Con- 
verse. With  6  Illustrations  by  Garth 
Jones.     Crown  8vo.,  6s. 


Doyle  (Sir  A.  Conan). 

MiCAH  Clarke:  A  Tale  of  Mon- 
mouth's Rebellion.  With  10  Illustra- 
tions.    Cr.  8vo.,  3s.  6d. 

The  Refugees:  A  Tale  of  the 
Huguenots.  With  25  Illustrations.  Cr. 
8vo.,  3s.  td. 

The  Stark  Munro  Letters,     Cr. 

8vo.,  3s.  td. 

The  Captain  of  the  Polestar^ 

and  other  Tales.     Cr.  8vo.,  3s.  fid, 

Dunbar. — The  Sons  d  Cormac,  ai/ 
Tales  of  Other  Men's  Sons:  Irish 
Legends.  By  Aldis  Dunbar.  With  8  Il- 
lustrations by  MvRA  E.  Luxmoore.  Crown 
8vo.,  6s. 
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Fiction,  Humour,  &e. — continued, 

Hag^g^ard  (H.  Rider) — continued. 


Fairar  (F.  W.,  late  Dean  of  Can- 
terbury). 

Darkness  and  Dawn:  or,  Scenes 
in  the  Days  of  Nero.  An  Historic  Tale. 
Cr.  8vo.,  gilt  top,  6s.  net. 

Gathering  Clouds  :  a  Tale  of  the 

Days  of  St.  Chrysostom.  Cr.  8vo.,  gilt 
top,  6s.  net. 

Fowler  (Edith  H.). 
The  Young  Pretenders.    A  Story 

of  Child  Life.  With  12  Illustrations  by 
Sir  Philip  Burnb-Jones,  Bart.  Crown 
8vo.,  6s. 

The  Professor's  Children.  With 
24  Illustrations  by  Ethel  Kate  Burgess. 
Crown  8vo.,  6s. 

Francis    (M.    £.)    (Mrs.     Francis 
Dlundell). 

Christian  Thal  :  a  Story  of  Musi- 
cal Life.    Crown  8vo.,  6s. 

Fiander's  Widow,     Cr.  8vo.,  65. 

Yeoman  Fleetwood,  With  Fron- 
tispiece.    Crown  8vo.,  3s.  net. 

Pastorals  of  Dorset,     With   8 

Illustrations.    Crown  8vo.,  6s. 

The  Manor  Farm,  With  Frontis- 
piece by  Claud  C.  du  Pr£  Cooper. 
Crown  8vo.,  6s. 


Lychgate    Hall  : 

Crown  8vo.,  6s. 


a     Romance. 


Froude. — The  Two  Chiefs  of  Dun-  j 

BOY:  an  Irish  Romanceofthe  Last  Century.  ' 
By  James  A.  Froudb.    Cr.  8vo.,  3s.  td. 

Haggard  Side,  The :  being  Essays 

in  Fiction.     By  the  Author  of  *  Times  and  ' 
Days,'  *  Auto  da  F^/  Ac.     Crown  Svo.,  5s. 

Haggard  (H.  Rider).  , 

Allan    Quatermain,      With    31 
Illustrations.    Crown  8vo.,  3s.  td. 
Popular  Edition.     Svc,  sewed,  bd,  net.  I 

Allan's  Wife.    With  34  Illustra-  ; 

tions.     Crown  8vo.,  3s.  6d.  \ 


Beatrice,     With  Frontispiece  and 
Vignette.    Crown  8vo.,  3s.  td. 

Black  Heart  and  White  Heart, 

AND  OTHBR  SiOR/BS.    With  33  Illostra- 
tions.    Crown  8vo.,  3s.  6J. 

Cleopatra.    With  29  Illustrations. 
Crown  8vo.,  3s.  6d, 

Colonel   Quaritch,    V.C.      With 

Frontispiece  and  Vignette.  Cr.  8vo.,  ys.  6d. 

Dawn,    With  16  Illustrations.     Cr. 
8vo.,  3s.  6d, 

Dr,  Therne.     Crown  8vo.,  35.  6rf. 

Eric  Brightmyes.     With  51  Illus- 
trations.   Crown  8vo.,  3s.  6d, 

Heart  of  the  World,     With  15 
Illustrations.    Crown  8vo.,  3s.  6<f. 

Joan  Haste.  With  20  Illustrations. 
Crown  8vo.,  3s.  td, 

Lysbeth,     With   26   Illustrations. 
Crown  8vo.,  6s. 

Maiwa's  Revenge.   Cr.  8vo.,  is.  6rf. 
Montezuma^ s  Da  ughter.   With  24 

Illustrations.    Crown  8vo. ,  3s.  6J. 
Mr.   Meeson*s    Will.      With    16 

Illustrations.     Crown  8vo.,  3s.  6d. 

Nada  the  Lily.    With  23  Illustra- 
tions.   Crown  8vo.,  3s.  td. 

Pearl-Maiden:    a    Tale    of    the 

Fall  of  Jerusalem.    With  16  Illustrations. 
Crown  8vo.,  6s. 

She.   With  32  Illustrations.    Crown 
8vo.,  3s.  td. 

Stella    Fregelivs  :     A    Tale   of 
Three  Destinies.    Crown  8vo.,  6s. 

Swallow  :  a  Tale  of  the  Great  Trek. 

With  8  Illustrations.    Crown  8vo.,  35.  td. 

The  People  of  the  Mist,     With 
16  Illustrations.    Crown  8vo.,  3s.  td. 

The    Witch's  Head.       With    16 

Illustrations.    Crown  8vo.,  3s.  td. 
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Fiction,  Humour,  &o. — continued. 


Hag:g:ard  and  \jdSMg*— The  World's 

Dbsirb,  By  H.  Rider  Haggard  and 
Andrew  Lang.  With  27  Illustrations. 
Crown  8vo.,  35.  td, 

Harte. — Ii>f  the  Carquinez  fVoons. 

By  Bret  Harte.     Crown  8vo.,  31.  6d. 

Hope. — T/fE   Heart   op   Princess 

OsRA,  By  Anthony  Hope.  With  9  Illus- 
trations.    Crown  8vo.,  31.  6d, 

Howard. — The  Failure  of  Success. 

By   Lady  Mabel  Howard.     Crown  8vo., 

Jerome. — Sicetches  in  Lavender: 
Blue  and  Grbbn  By  Jerome  K.  Jerome, 
Author  of  'Three  Men  in  a  Boat/  etc. 
Crown  8vo.,  ys,  6d. 


Marchmont. — In  the  Name  of  a 

Woman:  a  Romance.  By  Arthur  W. 
Marchmont.  With  8  Illustrations.  Crown 
8vo.,  6s, 


Mason  and  Lang.  --Parson Kelly, 

By  A.  E.  W.  Mason  and  Andrew  Lang. 
Crown  8vo.,  3s.  bd. 


Max    Miiller.  —  Deutsche    Liebs 

(Gbrman  Lovb)  :  Fragments  from  the 
Papers  of  an  Alien.  Collected  by  F.  Max 
MuLLER.  Translated  from  the  German  by 
G.  A.  M.     Crown  8vo.,  gilt  top,  51. 


Jcycc. — Old      Celtic     Romances, 

Twelve  of  the  most  beautiful  of  the  Ancient 
Irish  Romantic  Tales.  Translated  from  the 
Gaelic.  By  P.  W.  Joyce,  LL.D.  Crown 
Svo.,  35.  6^. 

Lang  (Andrew). 

A  Monk  of  Fife  ;  a  Story  of  the 
Days  of  Joan  of  Arc.  With  13  Illustra- 
tions by  Selwyn  Image.  Crown  8vo., 
3*-  6d, 

The  Disentanglers.  With  7 
Full-page  Illustrations  by  H.  J.  Ford. 
Crown  8vo.,  65. 

Lyall  (Edna). 

The  ffiNDERERS.  Crown  8vo. ,  25. 6d, 

The  a  utobiography  of  a  Slander, 
Fcp.  8vo.,  IS,  sewed. 

Presentation  Edition.  With  20  Illustra- 
tions by  Lancelot  Speed.  Crown 
8vo.,  2s,  6d.  net. 

DoREEN,  The  Story  of  a  Singer. 
Crown  8vo.,  6i. 

Wayfaring  Men,     Crown  8vo.,  6s. 

Hope  the  Hermit  :  a  Romance  of 

Borrowdale.     Crown  8vo.,  65. 


Melville  (G.  J.  Whyte). 


The  Gladiators. 
The  Interpreter. 
Good  for  Nothing. 
The  Queen's  Maries. 


Holmby  House. 
Kate  Coventry. 
Digby  Grand. 
General  Bounce. 


Crown  8vo.,  \s,  6d.  each. 


Morris  (William). 

The  Sundering  Flood.     Cr.  8vo., 
js.  6d, 

The    Water   of   the    Wondrous 

ISLBS,     Crown  8vo.,  js,  6d, 

The  Well  a  t  the  World's  End, 
2  vols.   9vo.,  28i. 

The  Wood  Beyond  the  World, 
Crown  8vo.,  6*.  net. 

The  Story  of   the    Glittering 

PtAiNy  which  has  been  also  called  The 
Land  of  the  Living  Men,  or  The  Acre 
of  the  Undying.  Square  post  8vo., 
55.  net. 
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Fietion,   Humour,  &J5.— continued, 

Morris  (William) — continued.  Sewell  (Elizabeth  M.). 


The  Roots  of  the  Mountains^ 
wherein  is  told  somewhat  of  the  Lives  of 
the  Men  of  Burgdale,  their  Friends,  their 
Neighbours,  their  Foemen,  and  their 
Fellows-in-Arms.  Written  in  Prose  and 
Verse.     Square  crown  8vo.,  8j. 


A  Glimpse  of  the  World. 
Laneton  Parsonage. 
Margaret  Percival. 
Katharine  Ashton. 
The  £arl*s  Daughter. 
The  Experience  of  Life. 
Cr.  8vo.,  cloth  plain,  i^.  bd.  each.     Cloth 
extra,  gilt  edges,  is,  6d.  each. 


Amy  Herbert. 
Cleve  Hall. 
Gertrude. 
Home  Life. 
After  Life. 
Ursula.     Ivors. 


A    Tale  of  the   House  of  the  | 
WoLFiNGS,  and  all  the  Kindreds  of  the 
Mark.     Written    in    Prose    and    Verse.     Sheehon.  —  LUKE     Delmege,        Bv 


Square  crown  8vo.,  6f. 

A  Dream  of  [ohn  Ball^  and  a 
King's  Lesson.    i6mo.,  2j.  net. 

t^EWs  FROM  Nowhere  ;  or,  An 
Epoch  of  Rest.  Being  some  Chapters 
from  an  Utopian  Romance.  Post  8vo., 
15.  td. 

The  Stor  i '  of  Gre  ttir  the  Strong. 

Translated  from  the  Icelandic  by  Eirikr 
Magnusson  and  William  Morris.  Cr. 
8vo. ,  5s.  net. 

Three  Northern  Love  Stories^ 
AND  O  thsr  Tales.  Translated  from  the 
Icelandic  by  EirIkr  Magnusson  and 
William  Morris.     Crown  8vo.,  6j.  net. 

%•  For   Mr.   William   Morris's  other 
Works,  see  pp.  24,  37  and  40. 


Newman  (Cardinal). 


the  Rev.  P.  A.  Sheehan,  D.D.,  Author  of 
*  My  New  Curate  *.    Crown  8vo.,  65. 

SomerviUe    (E.;^(£.)    and    Ross 

(Martin). 

Some  Experiences   of  an  Irish 

R.M.      With  31   Illustrations  by  E.^CE. 
SoMBRViLLE.     Crown  8vo.,  65. 

All  on  the  Irish  Shore  :    Irish 

Sketches.       With  10  Illustrations  bv  E. 
G^.  SoMERViLLE.      Crown  Svo.,  ts. 


The    Real     Charlotte. 
8vo.,  3^.  6rf. 


Crown 


The  Silver  Fox.     Cr.  8vo.,  35.  6rf. 
An  Irish  Cousin.     Crown'Svo.,  65. 

Stebbing^. — Borderland  Tales.  By 

W.  Stebbing.     Crown  8vo.,  45.  bd. 


Loss  AND  Gain  :    The   Story  of  a    Stevenson  (Robert  Louis). 

Convert.     Crown  Svo.,  3s.  6rf.  1 


Callista  :    A   Tale   of  the   Third 
Century.     Crown  8vo.,  3s.  td. 


Norris.  —  Na  ture's       Comedian.  . 

By  W.  E.  NoRRis.      Crown  Svo.,  6s.  ' 


Phillipps-WoUey. — Snap:  a  Legend 

of  the  Lone  Mountain.  By  C.  Phillipps- 
WoLLEV.  With  13  Illustrations.  Crown 
8vo. ,  3i.  6d. 


Ridley. — A  Da ughter  ofJael.    By 

Lady  Ridley.     Crown  Svo.,  6s. 


The  Strange  Case  of  Dr.  jEin'LL 
and  Mr.  Hyde.  Fcp.  8vo.,  is.  sewed. 
IS.  6<f.  cloth. 

The  Strange  Case  of  Dr. 
Jexyll  and  Mr.  Hydb;  with  other 
Fables.  Crown  8vo.,  bound  in  buckram, 
with  gilt  top,  5s.  net. 

*  Silver  Library  *  EditioH.    Cro>vn  Hvo., 
3s.  6d. 

More  New  Arabian  Nights — The 
Dynamiter.  By  Robbrt  Louis  Steven- 
son and  Fanny  van  de  Grift  Steven- 
son.    Crown  8vo.,  3s.  6d. 

The  Wrong  Box.  By  Robert 
Louis  Stevenson  and  Lloyd  Osbourne. 
Crown  8vo.,  3s.  6d. 
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Fiotion,  Humour,  &e. — continued. 

Through  Spectacles  of  Feeling : :  Walford  (L.  B.)— continued. 

Being  Essays  mostly  in  Fiction.     By  the 

Author  of '  Times  and  Days,'  •  The  Haggard         A  Stiff-NECKED  GenERA TION. 


Side,'  etc.     Crown  8vo.,  55. 

TroUope  (Anthony). 

The  Warden.     Cr.  8vo.,  15.  bd. 
Barchester  Towers,  Cr.8vo.,i5.6rf. 


Vaughan. — Old  Hendriks  Tales. 

By  Captain  Arthur  O.  Vaughan.  With  12 
Full-page  Illustrations  by  J.  A.  Shepherd. 
Crown  8vo.,  6s. 


Walford  (L.  B.). 

St  AY' AT' Homes.     Crown  8vo.,  65. 

Charlotte.     Crown  Svo.,  6s. 

One  of  Ourselves.     Cr.  8vo.,  65. 

The  Intruders.  Crown  8vo.,  25. 6rf. 

Ledd y  Marge r.   C ro wn  8vo. ,  25. 6rf. 

IvA  Kildare  :  a  Matrimonial  Pro- 
blem.   Crown  8vo.,  2S.  6d. 

Mr.   Smith:   a   Part   of  his    Life. 
Crown  Svo.,  25.  bd. 

The  Baby^s    Grandmother.     Cr. 

Svo.,  25.  td. 

Cousins.     Crown  8vo.,  25.  6rf. 

Troublesome    Daughters.        Cr. 
Svo.,  2j.  6</. 

Pauline.    Crown  8vo.,  25.  ^. 

Dick  Netherby.     Cr.  8vo.,  2s.  6<i. 

The  History  of  a    Week.     Cr. 

Svo.  25.  fid. 


Cr. 


Svo.  25.  bd. 


Nan^  and  other  Stories.     Cr.  8vo.,. 

25.  td. 

The  Mischief  of  Monica.      Cr. 

Svo.,  25.  bd. 

The  One  Good  Guest.     Cr.  8vo. 

25.  td. 

*  Ploughed^     and     other     Stories. 

Crown  8vo.,  25.  td. 

The  Ma  tch maker.    Cr.  8vo.,  25.  ^d. 


Ward. — One  Poor   Scruple,      By 

Mrs.  Wilfrid  Ward.     Crown  Svo.,  65. 


Weyman  (Stanley). 
The    Abbess    of    Vlaye.      With 

Frontispiece.     Crown  8vo.,  65. 

The  House  of  the  Wolf.     With 

Frontispiece  and  Vignette.     Crown  Svo., 
35.  bd. 

A  Gentleman  of  France.  With. 
Frontispiece  and  Vignette.    Cr.  Svo.,  65. 

The  Red  Cockade.    With  Frontis- 

piece  and  Vignette.     Crown  Svo.,  65, 

Shrewsbury.  With  24  Illustra- 
tions by  CiAUDE  A.  Shepperson.  Cr. 
Svo.,  65. 

Sophia.  With  Frontispiece,  Crown 
Svo.,  65, 

The    Long    Night:    A    Story    of 

Geneva  in  1602.     Crown  8vo.,  65. 


Whishaw. — The  Tiger  of  Muscovy. 

By  Fred  Whishaw.     Crown  8vo.,  6s. 


Yeats. — The  Chevalier  UAuriac. 

By  S.  Levett  Yeats.    Crown  Svo.,  35.  6rf.. 
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Furneaux  (W.). 

The    Outdoor     World;    or  The 

Young  Collector's  Handbook.  With  i8 
Plates  (i6  of  which  are  coloured),  and  549 
Illustrations  in  the  Text.  Crown  8vo., 
gilt  edges,  6s.  net. 

Butterflies  and  Moths  (British). 

With  12  coloured  Plates  and  241  Illus- 
trations in  the  Text.  Crown  8vo.,  gilt 
edges,  61.  net. 

Life  in  Ponds  and  Streams, 
With  8  coloured  Plates  and  331  Illustra- 
tions in  the  Text.  Crown  8vo.,  gilt 
edges,  6s.  net. 

The  Sea  SmyRE.    With  8  Coloured 

Plates  and  300  Illustrations  in  the  Text. 
Crown  8vo.,  6s.  net. 

Hartwig  (George). 
The  Sea  and  its  Living  Wonders, 

With  12  Plates  and  303  Woodcutn.  8vo., 
gilt  top,  7s.  net. 

The   Tropical    World.     With  8 

Plates  and  172  Woodcuts.  8vo.,  gilt 
top,  7s.  net. 

The  Polar  World,  With  3  Maps, 
8  Plates  and  85  Woodcuts.  8vo.,  gilt 
top,  7s.  net. 

The  Subterranean  World,  With 

3  Maps  and  80  Woodcuts.  8vo.,  gilt 
top,  7s.  net. 

Helmholtz. — Popular  Lectures  on 
Scibntific  Sub/bcts.  By  Hermann  von 
Hblmholtz.  With  68  Woodcuts.  2  vols. 
Cr.  8vo.,  3s.  6d,  each. 

Hoffmann. — Alpine    Plora  :    For 

Tourists  and  Amateur  Botanists.  With 
Text  descriptive  of  the  most  widely  dis- 
tributed ana  attractive  Alpine  Plants.  By 
Julius  Hoffmann.  Translated  by  E.  S. 
Barton  (Mrs.  A.  Gbpp).  With  40  Plates 
containing  250  Coloured  Figures  h-om 
Water-Colour  Sketches  by  Hermann 
Friese.     8vo.,  7s.  6d,  net. 

Hudson  (W.  H.). 
Hampshire  Days,     With  11  Plates 

and  36  Illustrations  in  the  Text  from 
Drawings  by  Bryan  Hook,  etc.  8vo., 
los.  bd,  net. 

Birds  and  Man.      Large    crown 

8vo.,  6s.  net. 

Nature  in  Downland.     With  12 

Plates  and  14  Illustrations  in  the  Text  by 
A.  D.  McCoRMiCK.     8vo.,  los.  6^.  net. 


Hudson  (W.  H.). — continued. 

British  Birds,  With  a  Chapter 
on  Structure  and  Classification  by  Frank 
E.  Beddard,  F.R.S.  With  16  Plates  (8 
of  which  are  Coloured),  and  over  100  Illus- 
trations in  the  Text.  Crown  8vo.,  gilt 
edges,  6s.  net 

Millais  (John  Guille). 

The  Natural  History  of  the 
British  Surfacb  •  Feeding  Ducks. 
With  6  Photogravures  and  66  Plates  (41 
in  Colours)  from  Drawings  by  the  Author, 
Archibald  Thorburn,  and  from  Photo- 
graphs.    Royal  4to.,  £fi  6s. 

The   Wild-Powler  in  Scotland. 

With  a  Frontispiece  in  Photogravure 
after  a  Drawing  by  Sir  J.  E.  Millais, 
Bart.,  P.R.A.  §  Photogravure  Plates,  2 
Coloured  Plates,  and  50  Illustrations  from 
the  Author's  Drawings  and  from  Photo- 
graphs.    Ro}aI  4to.,  gilt  top,  305.  net. 

The  Mammals  of  Great  Britais 

AND  Irbland,  3  vols.  4to.  (13  in.  by 
12  in.),  cloth,  gilt  edges,  18  guineas  net. 

•^*  Subscriptions  will  only  be  received  for  ikt 
Set  of  Three  Volumes, 
Vo'.  I.  With  i8  Photogravures  by  the 
Author;  31  Coloured  Plates  by  the 
Author,  Archibald  Thorburn  and 
G.  E.  Lodge;  and  63.  Uncoloured 
Plates  by  the  Author  and  from  Photo- 
graphs. £6  6s.  net.  It  is  hoped  that 
Vols.  II.  and  III.  will  be  issued  at 
intervals  of  eight  months  each. 

,*  Only  1,025  copies  printed  for  Ef^laud  and 
America.     Prospectus  sent  on  appiieation. 


•  • 


Proctor  (Richard  A.). 
Light  Science  for  Leisure  Hours. 

Familiar  Essays  on  Scientific   Subjects. 
Crown  8vo.,  •\s,  6d. 

Rough  Wa  ys  ma de  Smooth,  Fami- 
liar Essajrs  on  Scientific  Subjects.  Crown 
8vo.,  3s.  6d, 

Pleasant  Ways  IN  Science,  Crown 
8vo.,  3s.  td. 

Na  ture  Studies.  By  R.  A.  Proc- 
tor, Grant  Allek,  A.  Wilson,  T. 
F08TBR  and  E.  Clodd.    Cr.  8vo.,  31.  &f. 

Leisure  Readings,  By  R.  A.  Proc- 
tor, E.  Clodd,  A.  Wilson,  T.  Fostbi 
and  A.  C.  Ranyard.    Cr.  Svo. ,  3s.  bd. 

•^*  For  Mr,  Proctor's  other  books  se€  pp.  16 
and  35,  and  Messrs.  Longmans  6*  Co,*s  Cata- 
logue of  Scientific  Works, 
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Stanley.— -4  Familiar  History  of  i  Wood  (Rev.  J.  G.) — continued. 
Birds.      By  E.  Stanley,   D.D.,  formerly  I 

Bishop  of  Norwich.   With  160  Illustrations.         INSECTS   ABROAD^    A    Popular  Ac- 
Cr.  8vo.,  31.  6d.  count  of  Foreign  Insects,  their  Structure,. 

Habits  and  Transformations.     With  600 
Illustrations.    8vo.,  js.  net. 


Wood  (Rev.  J.  G.). 

Homes  without  Hands  :  A  Descrip- 
tion of  the  Habitations  of  Animals,  classed 
according  to  their  Principle  of  Construc- 
tion. With  140  Illustrations.  8vo.,  gilt 
top,  75.  net. 

Insects  at  Home  :  A  Popular  Ac- 
count of  British  Insects,  their  Structure, 
Habits  and  Transformations.  With  700 
Illustrations.     8vo. ,  gilt  top,  7s.  net. 


Out   of  Doors;    a    Selection    of 

Original  Articles    on   Practical    Natural 

History.  With  11  Illustrations.    Cr.  8vo.» 
3*.  W. 


Petland    Revisited.      With 
Illustrations.     Cr.  8vo.,  35.  td. 
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Strange  Dwellings  :  a  Description 
of  the  Habitations  of  Animals,  abridged 
from  *  Homes  without  Hands '.  With  60 
Illustrations.     Cr.  8vo.,  35.  td. 


Works  of  Reference. 


Annual  Register  (The).    A  Review 

of  Public  Events  at  Home  and  Abroad,  for 
the  year  1903.     8vo.,  i8f. 

Volumes  of  the  Annual  Register  for  the 
years  1863-1902  can  still  be  had.  185. 
each. 

Charities  Register,  The  Annual 

AND  Digest  :  being  a  Classified  Register 
of  Charities  in  or  available  in  the  Metropolis. 
8vo.,  55.  net. 

Chisholm.  —  Handbook  of  Com- 
MBRciAL  Geography.  By  George  G. 
Chisholm,  M.A.,  B.Sc,  Fellow  of  the 
Royal  Geographical  and  Statistical 
Societies.  With  19  Folding -out  Maps  and 
Numerous  Maps  in  the  Text.  8vo.,  155.net. 

Gwilt. — An  Encyclopaedia   of  Ar- 

CHITSCTURB.  By  J08EPH  GwiLT,  F.S.A. 
With  1700  Engravings.  Revised  (1888), 
with  Alterations  and  Considerable  Addi- 
tions by  Wyatt  Papworth.  8vo.,  215. 
net. 


Longmans'  Gazetteer  of  the 
World.  Edited  by  George  G.  Chis- 
holm, M.A.,  B.Sc.  Imperial  8vo.,  i8j.  ne 
cloth  ;  2  IS.  half*morocco. 


Maunder  (Samuel). 
Biographical    Treasury.      With 

Supplement  brought  down  to  1889.  By 
Rev.  James  Wood.    Fcp.  8vo.,  6s, 

Treasury  of  Knowledge  and  Lib- 
rary OP  Rbpbrbncb.    Fcp.  8vo.,  6*. 

The  Treasury  of  Botany.    Edited 

by  J.  LiNDLBY,  F.R.S.,  and  T.  Moorb, 
F.L.S.  With  274  Woodcuts  and  20  Steel 
Plates.     2  vols.    Fcp.  8vo.,  12s. 

Rich. — A  Dictionary  of  Roman  and 
Greek  Antiquities.  By  A.  Rich,  B.A. 
With  2000  Woodcuts.     Crown  8vo.,  6*.  net. 

Roget.  —  Thesaurus  of  English 
IVORDS  and  Phrases.  Classified  and  Ar- 
ranged so  as  to  Facilitate  the  Expression  of 
Ideas  and  assist  in  Literary  Composition. 
By  Pbtbr  Mark  Roget,  M.D.,  F.R.S. 
Recomposed  throughout,  enlarged  and  im- 
proved, partly  from  the  Author's  Notes,  and 
with  a  full  Index,  by  the  Author's  Son, 
John  Lewis  Roget.    Crown  8vo.,  9s.  net 

^WiiclL-PopuLAR  Tables  forgiving 

information  for  ascertaining  the  value  of 
Lifehold,  Leasehold,  and  Church  Property, 
the  Public  Funds,  etc.  By  Charles  M. 
WiLLicH.  Edited  by  H.  Bbncb  Jonbs. 
Crown  8vo.,  los.  td. 
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Children's  Books. 


Alick's   Adventures.  —  By   G.    R. 

With   8    Illustrations  by  John   Hassall. 
Crown  8vo.,  35.  6d. 

Bold  Tuipin :  a  Romance,  as  Sung 
by  Sam  Weller.  With  16  Illustrations  in 
Colour  by  L.  D.  L.    Oblong  4to.,  boards,  6s. 

Brown. — T/f£  Book  of  Saints  and 
Friendly  B  basts.     By  Abbie  Far  well  " 
Brown.    With  8  Illustrations  by  Fanny  Y. 
Cory.     Crown  8vo.,  4s.  td.  net. 

Crake  (Rev.  A.  D.). 

Eonry  THE  Fair  ;  OF,  The  First 
Chronicle  of  iSscendune.  Cr.  8vo. ,  silver 
top,  25.  net. 

Alfgar  the  Dane  ;  or,  The  Second 
Chronicle  of  Ascendune.  Cr.  8vo.,  silver 
top,  2J.  net. 

The  Rival  Heirs  :  being  the  Third 
and  Last  Chronicle  of  iGscendune.  Cr. 
8vo.,  silver  top,  2i.  net. 

The  House  OP  IValderne.   A  Talc 

oi  the  Cloister  and  the  Forest  in  the  Days  < 
of  the  Barons'  Wars.    Crown  8vo.,  silver 
top,  2i.  net. 

Brian  Fitz- Count,      A   Story  of  ■ 

Wallingford     Castle      and      Dorchester 
Abbey.     Cr.  8vo.,  silver  top,  2i.  net.       1 

Dent. — In    Search    of   Home  :     a  i 

Story  of  East- End  Waifs  and  Strays.  By  I 
Phyllis  O.  Dent.  With  a  Frontispiece  ; 
in  Colour  by  Hamel  Lister.  Crown  8vo.,  ' 
3i.  td.  net.  1 

I 

Henty  (G.  A.). — Edited  bv.  | 

Yule  Logs  :  A  Story-Book  for  Boys. 
By  Various  Authors.     With  61  lUus-  j 
trations.     Crown  8vo.,  gilt  edges,  35.  net. 

Yule  Tide  Yarns  :  a  Story-Book  . 
for  Boys.  By  Various  Authors.  With  ' 
45  Illustrations.  Cr.  8vo.,  gilt  edges,  35.  | 
net. 

l^ang^  (Andrew). — Edited  by. 

The  Blue  Fairy  Book,    With  138 

Illustrations.     Crown  8vo.,  gilt  edges,  6i. 

The  Red  Fairy  Book,     With  100 

Illustrations.     Crown  8vo.,  gilt  edges,  65. 


:o«- 


Lang  (Andrew)    Edited    by- 

iinued. 

The  Green  Fairy  Book,     With  99 

Illustrations.     Crown  8vo.,  gilt  edges,  61. 

The  Grey  Fairy  Book,     With  65 

Illustrations.     Crown  8vo.,  gilt  edges,  6s. 

The  Yellow  Fairy  Book.     With 

104  Illustrations.    Cr.  8vo.,  gilt  edges,  65. 

The  Pink  Fairy  Book,     With  67 

Illustrations.    Crown  8vo.,  g^lt  edges,  65. 

The  Violet  Fairy  Book,    With  8 

Coloured  Plates  and  54  other  Illustrations. 
Crown  8vo.,  gilt  edges,  6s. 

The  Crimson  Fairy  Book.     With 

8  Coloured  Plates  and  43  other  Illusua- 
tions.     Crown  8vo.,  gilt  edges,  6s. 

The  Brown  Fairy  Book,      With 

8  Coloured  Plates  and  42  other  IllusUa- 
tions.     Crown  8vo.,  gilt  edges,  65. 

The  Bl  ue  Poetr  y  Book,  With  1 00 

Illustrations.  Crown  8vo.,  gilt  edges,  65. 

The  True  Story  Book,     With  66 

Illustrations.    Crown  8vo.,  gilt  edges,  6s. 

The  Red  Tr  ue  Story  Book,    With 

100  Illustrations.     Cr.  8vo.,  gilt  edges,  6s. 

The  Animal  Story  Book.     With 

67  Illustrations.      Cr.  8vo.,  gilt  edges,  6s. 

The  Red  Book  of  Animal  Stories, 

With  65  Illustrations.     Crown  8vo.,  gilt 
edges,  6s. 

The  Arabian  Nights  Entertain 

mbnts.    With  66  Illustrations.    Cr.  8vo., 
gilt  edges,  6s. 

The  Book  of  Romance.     With  8 

Coloured  Plates  and  44  other  Illustrations. 
Crown  8vo.,  gilt  edges,  65. 

Lyall. — The  B urges  Letters  :    a 

Record  of  Child  Life  in  the  Sixties.  By 
Edna  Lyall.  With  Coloured  Frontispiece 
and  8  other  Full-page  Illustrations  by 
Walter  S.  Stagey.    Crown  8vo.,  2*.  6rf. 


Macdonald.  —  Ba bies'    Classics. 

Chosen  by  Lilia  Scott  Macdonald.  With 
67  Illustrations  and  37  Initial  Letters  b> 
Arthur  Hughes.  Large  Crown  4to., 
4s.  td,  net. 

*,*  This  book  is  a  collection  of  poems  tkat 
may  fairly  be  called  '  Children's  Classics  \ 
They  are  selected  from  Wtlliam  BUikey  Jane 
and  Anne  Taylor^  Mary  Howitt,  Isaac  H'a//s, 
Charles  Kingsley^  George  Macdonald^  etc. 
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Children's  Books — continiud. 


Meade  (L.  T.). 

Daddy's  Boy,   With  8  Illustrations. 

Crown  8vo.,  gilt  edges,  35.  net. 
Deb  and  the  Duchess,     With  7 

Illustrations.    Cr.  8vo.,  gilt  edges,  35.  net. 

The  Beresford  Prize.      With  7 

Illustrations.    Cr.  8vo.,  gilt  edges,  35.  net. 

The  House  of  Surprises,    With  6 

Illustrations.     Cr.  Svo.,  gilt  edges,  35.  net. 

Packard.  —  The        Young       Ice 

Whalers:  a  Tale  for  Boys.  By  Win- 
THROP  Packard.  With  16  Illustrations. 
Crown  8vo.,  65. 

Penrose.  —  Chubby  :   a   Nuisance, 

By  Mrs.  Penrose.  With  8  Illustrations 
by  G.  G.  Manton.     Crown  8vo.,  35.  6d, 

Praeger  (Rosamond). 

The  Adventures  of  the  Three 
Bold  Babes:  Hector,  Honoria  and 
Alisander,  a  Story  in  Pictures.  With 
24  Coloured  Plates  and  24  Outline  Pic- 
tures.    Oblong  4to.,  35.  bd. 

TheFOrther Doings  of  the  Three 

Bold  Babbs,    With  24  Coloured  Pictures 
and  24  Outline  Pictures.  Oblong  4to.,35.6<f . 

Robbins. — Dutch    Doll    Ditties. 

Written  and  Illustrated  with  Photographs 
by  Louis  Robbins.    4to.,  boards,  25.  6</. 

Roberts.  —  The  Adventures  of 
Captain  John  Smith  :  Captain  of  Two 
Hundred  and  Fifty  Horse,  and  sometime 
President  of  Virginia.  By  E.  P.  Roberts. 
With  17  Illustrations  and  3  Maps.  Crown 
8vo.,  55.  net. 


Stevenson. — A  Child's  Garden  of 

VsRSBs,    By  Robert  Louis  Stevenson. 
Fcp.  8vo.,  gilt  top,  55. 

Upton  (Florence  K.  and  Bertha). 

The  Adventures  of  Two  Dutch 
Dolls  and  a  *  Colli  wogg\  With  31 
Coloured  Plates.    Oblong  4to.,  65. 

The  Golliwogg^ s  Bicycle  Club, 
With  31  Coloured  Plates.  Oblong  4to.,  65. 

The  Golliwogg  at  the  Seaside, 

With  3 1  Coloured  Plates.  Oblong  4to. ,  65. 

The  Golliwogg  in  War,  With  31 
Coloured  Plates.     Oblong  4to.,  65. 

The  GoLLiwoGds  Polar   Adven- 

TURKS,    With  31  Coloured  Plates.     Ob- 
long 4to.,  65. 

The    Golliwogg^ s   Auto-go-cart. 

With  3 1  Coloured  Plates.  Oblong  4to.,  65. 
The  Golliwogg' s  Air-Ship,    With 

30  Coloured  Plates.     Oblong  4to.,  65. 

The  GoLLiwoGcfs  Circus,    With  31 

Coloured  Plates.    Oblong  4to.,  boards,  6j. 

The  Golliwogg  in  Holland,  With 

29  Coloured  Plates.     Oblong  410.,  65. 

The  VegE'Men" s  Revenge.     With 

31  Coloured  Plates.     Oblong  410.,  65. 

Vaug^han. — Old  Hendriks  Tales, 

\  By  Captain  Arthur  O.  Vaughan.  With 
12  Full-page  Illustrations  by  J.  A.  Shep- 
herd.    Crown  8vo.,  65. 

•»•  This  is  a  volume  of  animal  stories  col- 
lected by  Captain  Vaughan  from  the  Hotten- 
tots during  the  late  Boer  War, 


The  Silver  Library. 

Crown  8vo.    35.  6d, 


Arnold*!  (Sir  Edwin)  Bmi  and  Lands.    With 
71  Illustrations,    y.  6d. 

Bntfohof  I  (W.)  Blotfraphleal  Studies.    3;.  6d, 

Bnie]iot*B  (W.)  Eeonomlo  Studies,    y.  6d. 

BntfehorB(W.)  Literary  Studies.  With  Portrait. 
3  vols.,  y.  6d.  each. 

Baker's  (Sir  S.  W.)  Eight  Tears  In  Geylon. 

With  6  Illustrations.    3;.  6d, 

i 
Bak»r*B  (Sir  8.W.)  Rifle  and  Hound  In  Geylon.  | 

With  6  Illustrations,    y.  6d.  ' 

I 

Barln^-Ooold'B  (Roy.  8.)  Cnrlons  Myilui  of  the  ' 
Middle  Atfes.    y.  6d. 

Barln<-Oonld*s  (Rot.  8.)  Origin  and  DoTolop- 
ment  of  Religions  Belled  2  vols.   3^.6^.  each. 

BMker*8  (W.  JL)  ttallns :  or,  Roman  Scenes  in  the 
Time  of  Augustus.    With  26  lUus,    y.  6d, 


EACH  Volume. 

Beeker*8  (W.  A.)  Gharloles :  or,  Illustrations  of 
the  Private  Life  of  the  Ancient  Greeks. 
With  a6  Illustrations,     y.  6d. 

Bent's  (J.  T.)  The  Ruined  Gltles  of  Mathona- 
land.    With  117  Illustrations,     y.  6d. 

Brassey's  (Lady)  A  Voyage  In  the  *  Sunbeam  \ 

With  66  Illustrations.    3;.  6d, 

BnoUe's  (H.  T.)  History  of  Givllisation  in 
England.     3  vols.     lor.  6d. 

OhnrohiU's  (Winston  S.)  The  Story  of  the 
Halaluuid  Field  Force,  1897.  With  6  Maps 
and  Plans,     ^r.  6d. 

Olodd'B  (B.)  Story  of  Creation:  a  Plain  Accoun 
of  Evolution.    With  77  Illustrations,    y.  6d. 

Oonybeare  (Roy.  W.  J.)  and  Howson's  (Very 
Rev.  J.  S.)  Ufe  and  Bpisttes  of  St.  Panl. 
With  46  Illustrations,    y.  6d. 

DongaU'B  (L.)  Beggars  All :  a  Novel,    y.  6d. 

Doyle's  (Sir  A.  Oonan)  Hleah  Glarke.  A  Tale  of 
Monmoutd's  Rebellion.  With  10  lUusts.  y,  6d^ 
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The  Silver  Library — continued. 


Dnl«*8  (Sir  A.  OoBMi)  Th«  teptaln   of  th« 

%  and  other  Tales.    31.  6^. 


Doyto'8  (Sir  JL  Ooaan)  Tht  R«ftaitM :  A  Tale  of 
the  Huguenots.   With  a^  Illustrations.    31 6tf.  ' 

f>«yU*a  (Sir  JL  Oonaii)  Tha  Sttupk  Maaro  Latlart. 

y.  6«/. 

#roada*a  (J.  A.)  Tha  HIatory  of  BagUuid,  from  ' 
the  Fall  of  Wolsey  to  the  Defeat  of  the 
Spanish  Armada.     12  vols.    y.  td.  each. 

^ffOBdal  (J.  A.)  Tha  Bngllaii  Id  Iraland.    3  vols, 
xor.  6d. 

«ffoada*8  (J.  A.)  Tha  Dlworoa  of  Calharlna  of  > 
AroioB.    3r.  6d,  \ 

ffronda*!  (J.  A.)  Tha  Spanlah  Story  of  tha 

and  other  Essays.    31.  6d. 


4rroado'a(J.A.)BBgli8h  SaMDOB  Id  tha  Slitaanth 
Oaotnry.    3;.  6d, 

ffroDda'a  (J.  A.)  Short  Stadiaa  on  Oraat  Sab- 
)aeta.    4  vols.    y.  6d.  each.  ' 

#roada*8  (J.  A.)  Ooaana,  or  Bngland  and  Ear 
OoloDlaa.    With  9  Illustrations.    3^.  6d, 

•Vronda*!  (J.  A.)  Tha  OooboII  of  Trant.    y.  6d, 

-VroBda*!   (J.  A.)    Tha   Ufa   BBd    Uttara   of 
BraamuB.    y.  6d. 

#roBda*a  (J.  A.)  ThoBiaa  Carlyla :  a  History  of 
his  Life. 
'79S-I835'  a  vols.  js.    1834-1881.  a  vols.  71. 


rroBda*!  (J.  A.)  Oaaar :  a  Sketch,    y.  6J. 

ffroBda*!  (J.  A.)  Tha  Two  Chlafk  of  DuBboy :  an 

Irish  Romance  of  the  Last  Century,     y.  6d. 

Trouda*B  (J.   A.)   WrltlngB,   SalaotloBS   from. 

3*.  6d. 

Olairi   (R«v.   0.    R.)   LIfi   of   tha   Daka   of 
WaUlBftOB.    With  Portrait,     y.  6d. 

^raTUla*8  (0.  0.  F.)  JoBmal  of  tha  RaltfBt  of 
EiBtf  Qaortfa  lY.,  EiBtf  WUIlam  IV.,  BBd 

QBoaB  Yletorla.    8  vols.,  y.  6^.  each. 

I 

'HaliBrd*!  (H.  R.)  Sha :  A  Histoiy  of  Adventure.  > 
With  39  Illustrations,     y.  6a,  I 

flatfard'a  (H.  R.)  AIIbb  OuatarmalB.     With 
90  Illustrations,     y.  6d, 


'ilatftfd'B  (H.  R.)  OoloBol  On*rlteh,  V.C.  :  a 
Tale  of  Countiy  Life.  With  Frontispiece 
and  Vignette,     y.  6d. 

iiIatftfd*B  (H.  R.)|OlaopatrB.    With  39  lUustra- 
tions.    y*  td. 

»HBtfard*8  (H.  R.)  Brio  Brightayaa.  With  51 
Illustrations.     3^.  6d. 


I 


Hatfard*!  (H.  R.)  Baatrlaa.    With  Frontispiecx 
and  Vignette.    3; .  6d. 

Hazard*!  (H.  R.>Blaek  Haart  aad  Whita  Haart. 

With  33  Illustrations,     y.  bd. 

HadiBrd*B(H.  R.)AllaB*BWII^    With  34  Dhis- 
trations.     y.  M. 

Hadiard  (H.  R.)  Haart  of  tha  World.     With 

15  Illustrations,     y.  6d, 

iIaMard*8(H.R.)llOBtanBB*Bl>M4Mar.  With 
95  Illustrations.     3^.  6d, 

Hatfard*8  (H.  R.)  Swallow :  a  Tale  of  the  Great 
Trtk.    With  8  Illustrations,     y.  6d. 

Hazard's  (H.  R.)  Tha  Wltoh*B  HoBd.    With 
x6  Illustrations,    y,  6d. 


iIaMard*B  (H.  R.)  Mr.  Mt 

16  Illustrations,    y.  6d. 


»*•  Win.    With 


HadiBrd*B  (H.  R.)  Bada  tha  Uly.    With  33 
Illustrations.     35. 6d. 

HadiBrd'B(H.R.)DBWB.  With  i6inusts.  y.6d. 

IIadiBrd'B(H.R.)ThaPooplaofthaHlBt.    With 
z6  Illustrations,    y,  6d. 


HadiBrd*B  (H.  R.)  Jobb  Haata. 

trations.    y.  6d, 


With  90  IIlus- 


Hazard  (H.  R.)  and  LbbTi  (A.)  Tha  WorldH 
With  37  Illustrations.    3;.  6d. 


Harta'a  (Brat)  Ib  tha  CarqulBoa 
otharStoriaa.    3^.6^. 


HalBiholtB*B  (HanBBBB  tob)  PopalBr 

OBSalOBtlfleSBltfoeta.   With  68  IllustratiMis. 
a  vols.     37.  6d,  each. 

Hopa*8  (ABthoBy)  Tha  Haart  of  Priiioaaa  Oara. 

With  9  Illustrations,     y.  6d. 

Howltt*B  (W.)  Vlalts  to  Ramarkabla   Plaoas. 

With  80  Illustrations.     3; .  6^. 

JallBrlas*  (R.)  Tha  Story  of  Hy  Haart:    M> 

Autobiography.    With  Portrait.     35. 6^. 

Jallwlas*  (R.)  Flald   aBd   Hodgarow.      ^\ltfc 
Portrait,    y.  6d. 

JaffartoB'  (R.)  Rod  Daar.  With  17  lUusu.   y.  6d. 

JalllBrlas'  (R.)  Wood  Hadle:  a  Fable.     With 
Frontispiece  and  Vignette  by  E.  V.  B.     y.  bi. 

Jallwlas  (R.)  Tha  ToUars  of  tha  Flald.    WitL 

Portrait  from  the  Bust  in  Salisbury  Cathedral. 
y.  6d. 


Kayo  (Sir  J.)  aad  HaUaooB*B  (Oolonai)  HIaterv 
of   tha  iBdlaa  HatlBy  of  IMT-S.     6   vok 

y.  6d.  each. 

KBUht*B  <B.  F.)  Tha  Oralaa  of  tha   «Alarte*: 

the  Narrative  of  a  Search  for  Treasure  of. 
the  Desert  Island  of  Trinidad.  With  a 
Maps  and  33  Illustrations,    y.  6d. 
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Knight's (B.  F.)WlMN  ThTM  BmpIrM  Meet:  a 
Narrative  of  Recent  Travel  in  Kashmir. 
Western  Tibet,  Baltistan,  Gilgit.  With  a  Map 
and  54  Illustrations,    y.  6d. 

EnlghVM  (E.  F.)  Tha  'Fatoon*  on  tba  BalUe:  a 
Coasting  Voyage  from  Hammersmith  to 
Copenhagen  m  a  Three-Ton  Yacht.  With 
Map  and  zi  Illostrations.    y.  6d. 

Knight*!  (E.  F.)  The  Cmlse  of  the  « Faloon.* 
A  Voyage  to  South  America  in  a  30-Ton 
Yacht.  With  2  Maps  and  13  Illustrations. 
y.  6d. 

KoaUln's  (J.)  Llfa  of  Lather.  With  62  Illustra- 
tions and  4  Facsimiles  of  MSS.     y,  6d. 

LaiirB(i^)iLB<UB<Bli«t0hM.  With  90  Illustra- 
tions,    y.  6d. 

Lang's  (A.)  Costom  and  Myth :  Studies  of  Early 
Usage  and  Belief.     3^.  6d. 

Lang*8(A.)CookLanaAndConimon-8ansa.  y.td. 

Lant's  (A.)  The  Book  of  Dreams  and  Ohosts« 

y.  6rf. 

Lang*!  (A.)  A  Honk  of  Fife :  a  Story  of  the 
I^ys  of  Joan  of  Arc    With  13  Illustrations. 
y6d, 

Lang's  (A.)  Myth,  Ritual,  and  Religion.  2  vols.  7s. 

Leas  (J.  A.)  and  Cluttarbuok's  (W.  J.)  B.C. 
1887,  A  Rambla  In  Brttlah  Colnmbia.  With 
Maps  and  75  Illustrations,    y.  6d 

LaYStt-Yeats'   (B.)   The    ChsYaUer    D'Aurlac. 

y.  6d. 

■aoanlay's  (Lord)  Oomplata  Works.  '  Albany ' 
Edition.  With  12  Portraits.  12  vols.  y.  6cf. 
each. 

Haeaolay's  (Lord)  Bssays  and  Lays  of  Anolant 
Boma,  etc.  With  Portrait  and  4  Illustrations 
to  the  '  Lays  \     35  6«/. 

Hael«od*s  (H.  D.)  BlemanU  of  Banking.    35. 6d. 

Harshman's  (J.  C)  Memoirs  of  Sir  Henry 
Havelook.    3^.  6d. 

Hason  (A.  B.  W.)  and  Lang*s  (A.)  Parson  Kelly. 
3^.  6</. 

Herlyale*s  (Dean)  History  of  the  Romans 
ander  the  Empire.    8  vols.    y.  6d.  each. 

Hlll*s  (J.  B.)  PoIiUeal  Eeonomy.    y.  6d, 

Hlil*s  (J.  8.)  System  of  Loglo.    y,  6d. 

Mllner*s  (Oeo.)  Oonntry  Pleasures ;  the  Chroni- 
cle of  1  Year  chiefly  in  a  (Sarden.     3;.  6d. 

Bansen*s  (F.)  The  First  Grossing  of  Greenland. 

With  143  Illustrations  and  a  Map.     3^.  6*/. 

Phllllpps-Wolley*s  (C.)  Snap :  a  Legend  of  the 
Ix>ne  .Mountain    With  13  ll1ustration.s.  y.  6d. 


Proetor*s  (R.  A.)  The  Orbs  Aronnd  Us.     y.  6d. 

Prootor's  (B.  A.)  The  Expanse  of  Heavan.  35. 6d, 

Prootor*8  (B.  A.)  Light  Belaaoe  for  Lalsnra 
Hours,    y,  6d, 

Prootor*8  (R.  A.)  The  Hoon.    y.  6d, 

Proetor's  (R.  A.)  Other  Worlds  than  Oars.  y.6d, 

Proetor'8  (R.  A.)  Onr  Plaoe  among  Infinities : 

a  Series  of  Essays  contrasting  our  Little 
Abode  in  Space  and  Time  with  the  Infinities 
around  us.    y,  6d, 

Prootor's  (R.  A.)  Other  Sons  than  Ours,  y,  6d, 

Proetor*8  (R.  A.)  Rough  Ways  made  Bmootli. 

y-  6d, 

Proetor*8(R.A.)PlaasantWaysln8elanea.  y.6d, 

Prootor*8  (R.  A.)  Hyths  and  Hanrels  of  As- 
tronomy,   y.  6d. 

Prootor*s  (R.  A.)  Vaturs  Studies.    35.  6d. 

Prootor*s  (R.  A.)  Lalsnra  Readings.  By  R.  A. 
Pkoctok,  Edwasd  Clodd»  Andrsw 
WiL,soN.  Thomas  Foster,  and  A.  C 
Kanyakd.     With  Illustrations.     3;.  6d. 

RossettPs  (Haria  F.)  A  Shadow  of  Dante,  y,  &/. 

Smith's  (R.  Bosvorth)  Carthage  and  the  Cartha- 
ginians.   With  M:ips,  Plans,  etc.    y.  6d. 

Stan  ley  *s  (Bishop)  Familiar  History  of  Birds. 

With  160  Illustrations.     3;.  6d. 

Stephen's  (Sir  Leslie)  The  Playground  of  Europe 
(The  Alps).    With  4  Illustrations.     31.  6d, 

Stevenson*s  (R.  L.)  The  Strange  Case  of  Dr. 
Jekyll  and  Hr.  Hyde;  with  other  Fables.  y.bd. 

Stevenson  (B.  L.)  and  Oshonrne*s  (U.)  The 
Wrong  Box.    y.  6d. 

Stevenson  (Robert  Louis)  and  Steveason*s 
^Fanny  van  de  Orlft)  Hore  New  Arabian 
Mights. — The  Dynamiter,     y.  td. 

Trevelyan*s  (Sir  0.  0.)  The  Early  History  of 
Charles  James  Fox.    y.  M. 

Weyman*s  (Stanley  J.)  The  House  of  the 
Wolf :  a  Romance,    y.  6J. 

Weod*s  (Bev.  J.  0.)  Petland  Revisited.  With 
33  Illustrations     y.  6tt. 

Wood*s  (Bev.  J.  0.)  Strange  Dwellings.  With 
60  Illustrations,     y.  6d. 

Wood*s  (Rev.  J.  0.)  Out  of  Doors.  With  11 
Illustrations.    3^.  6d. 
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Acton.  —  Modern  Cookery,  By 
Eliza  Acton.  With  150  Woodcuts.  Fcp. 
8vo.,  41.  bd,  , 

iVngn^^n. — Simple  Hints  on  Choice 

OP  FooD^  with  Tested  and  Economical 
Recipes.  For  Schools,  Homes,  and  Classes 
for  Technical  Instruction.  By  M. C.  Anowin, 
Diplomate  (First  Class)  of  the  National  , 
Union  for  the  Technical  Training  of  Women, 
etc.     Crown  8vo.,  is. 

Ashby. — Health  in  the  Nursery.  , 

By  Henry  Ashby,  M.D.,  F.R.C.P.,  Physi-  1 
cian  to  the  Manchester  Children's  Hospital.  ' 
With  25  Illustrations.    Crown  8vo.,  35.  net. 

BuVL  (Thomas,  M.D.). 

Hints  to  Mothers  on  the  Man-  ' 
agbmsnt  op  thbir  Health  during  the 
Period  OP  Pregnancy,  Fcp.  Svo.,  sewed,  1 
15.  6<f. ;  cloth,  gilt  edges,  2s.  net. 

The  Maternal  Management  of 
Children  in  Health  and'  Disease, 
Fcp.  Svo.,  sewed,  n.  6rf. ;  cloth,  gilt 
edges,  25.  net. 

De  Salis  (Mrs.). 

A  LA  Mode  Cookery  :  Up-to- 
date  Recipes.  With  24  Plates  (16  in 
Colour).     Crown  8vo.,  5 J.  net. 

Cakes    and    Confections    A    la 

AfODE.     Fcp.  8vo.,  ij.  6d. 
Dogs:    A    Manual    for    Amateurs. 
Fcp.  Svo.,  15.  6d, 

Dressed  Game  and  Poultry  y)  la 

Mode.    Fcp.  8vo.,  15.  6d. 
Dressed   Vegetables  a  la  Mode. 

Fcp.  8vo.,  IS  6d. 


De  Salis  (Mrs.) — continued. 
Drinks  A  la  Mode.  Fcp.  Svo.  ,  is,6d. 

Entries  a  la  Mode.     Fcp.  8vo., 

15.  td. 
Floral  Decorations.      Fcp.  8va, 

15.  6d. 

Gardening  i  la  Mode.     Fcp.  8va 

Part   I.,  Vegetables,   15.    6d.     Part   11. , 
Fruits,  15.  6d, 

Na  tional  Viands  a  la  Mode.   Fcp. 

8vo.,  15.  6</. 

New-laid  Eggs.     Fcp.  Svo.,  \s.  6d. 

Oysters  a  la  Mode.     Fcp.  Svo., 

15.  6d. 
Puddings  and  Pastry  jk  la  Mode. 

Fcp.  8vo.,  15.  6rf. 
Savouries  a  la  Mode.     Fcp.  8vo., 

is.td. 
Soups   and   Dressed   Fish   a    la 

Mode.    Fcp.  8vo.,  ix.^. 
Sweets  and  Supper  Dishes  Ji  la 

Mode.     Fcp.  8vo.,  15.  6d. 
Tempting  Dishes  for  Small  In- 
comes.   Fcp.  8vo.,  15.  6rf. 
Wrinkles     and     Notions      for 

E  VERY  Household.    Crown  Svo. ,  15.  td. 

Poole. — Cookery  FOR  the  Diabetic. 

By  W.  H.  and  Mrs.  Poole.     With  Pre&ce 
by  Dr.  Pavy.     Fcp.  8vo.,  25.  6d. 

Rotheram.  —  Household  Cookery 
Recipes.  By  M.  A.  Rotheram,  First  Class 
Diplomee,  National  Training  School  of 
Cookery,  London ;  Instructress  to  the  Bed- 
fordshire County  Council.     Crown  8vo.,  25. 


The  Fine  Arts  and  Musio. 


Benn. — Style  in  Furniture.     By 

R.  Davis  Benn.  With  102  Plates  by  W. 
C.  Baldock.     8vo.,  215.  net. 

Bume-Jones. — The  Beginning  of 

THE  World:  Twenty-five  Pictures  by 
Sir  Edward  Burne-Jones,  Bart.  Medium 
4to.,  boards,  75.  td.  net. 

Burns  and  Colenso. — Living  Ana- 
tomy. By  Cecil  L.  Burns,  R.B.A.,  and 
Robert  J.  Colenso,  M.A.,  M.D.  40  Plates, 
11^  by  %\  ins.,  each  Plate  containing  Two 
Figures — (a)  A  Natural  Male  or  Female 
Figure  ;  (6)  The  same  Figure  Anatomatised. 
In  a  Portfolio,  75.  6rf.  net. 

£llgood    and    JekylL— 6'o.v^ 

English  Gardens^  after  Drawings  by 
George  S.  Ellgood,  R.I.,  with  Notes  by 
Gertrude  Jekyll.  50  Coloured  Plates. 
Royal  4to.,  425.  net. 


Hamlin. — A  Text- Book  of  the 
History  op  Architecture.  By  A.  D.  F. 
Hamlin,  A.M.  With  229  Illustrations, 
Crown  8vo.,  75.  td, 

Haweis  (Rev.  H.  R.). 
Music  and  Morals.    With  Portrait 

of  the  Author.     Crown  8vo.,  65.  net. 

My  Musical  Life.     With  Portrait 

of  Richard  Wagner  and  3  Illustrations. 
Crown  8vo.,  65.  net. 

Huish,   Head,   and   Long^man.— 

Samplers  and  Tapestry  Embroidrribs. 
By  Marcus  B.  Huish,  LL.B.  ;  also  '  The 
Stitchery  of  the  Same,'  by  Mrs.  Head; 
and  *  Foreign  Samplers,*  by  Mrs.  C.  J. 
Longman.  With  30  Reproductions  in 
Colour,  and  40  Illustrations  in  Mono- 
chrome.   4to.,  £^  25.  net. 
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}i  en d  erso n. — Modern   Musical 

Drift.     By  W.   J.   Henderson.     Crown 
8vo.,  45.  6{f. 

Hullah. — The  History  of  Modern 
Music,    By  John  Hullah.    8vo.,  85.  6d, 

Jameson  (Mrs.  Anna). 

Sacred  and  Legendary  Art,  con- 
taining Legends  of  the  Angels  and  Arch- 
angels, the  Evangelists,  the  Apostles,  the 
Doctors  of  the  Church,  St.  Mary  Mag- 
dalene, the  Patron  Saints,  the  Maityrs, 
the  Early  Bishops,  the  Hermits,  and  the 
Warrior- Saints  of  Christendom,  as  repre- 
sented in  the  Fine  Arts.  With  19  Etchings 
and  187  Woodcuts.   2  vols.   8vo.,  20s.  net. 

L,EGENDS  OF  THE  MONASTIC  OrDERS^ 
as  represented  in  the  Fine  Arts,  com- 
prising the  Benedictines  and  Augustines, 
and  Orders  derived  from  their  Rules,  the 
Mendicant  Orders,  the  Jesuits,  and  the 
Ordet  of  the  Visitation  of  St.  Mary.  With 
II  Etchings  and  88  Woodcuts,  i  vol. 
8vo.,  1 05.  net. 

JLeGENDS     of     THE     Ma  DONNA,     OR 

Blessed  Virgin  Mary,  Devotional  with 
and  without  the  Infant  Jesus,  Historical 
from  the  Annunciation  to  the  Assumption, 
as  represented  in  Sacred  and  Legendary 
Christian  Art.  With  27  Etchings  and 
165  Woodcuts.     I  vol.    8vo.,  10s,  net. 

The  History  of  Our  Lord,  as  ex- 
emplified in  Works  of  Art,  with  that  of 
His  Types,  St.  John  the  Baptist,  and 
other  persons  of  the  Old  and  New  Testa- 
ment. Commenced  by  the  late  Mrs. 
Jameson;  continued  and  completed  by 
Lady  Eastlake.  With  31  Etchings 
and  281  Woodcuts.   2  vols.    8vo.,  205.  net. 

Macfarren.  —  Lectures    on   Har- 
mony,    By  Sir  George  A.   Macfarren. 

8vO.,  1 25. 

Matthay. — The  Act  of  Touch  in 

ALL  its  Diversity.  An  Analysis  and 
Synthesis  of  Pianoforte  Tone  Production. 
By  Tobias  Matthay,  Fellow  and  Professor 
of  the  Royal  Academy  of  Music,  London, 
etc.     With  22  Illustrations.     8vo.,  75.  6d. 

Morris  (William). 

Architecture^  Industry  and 
Wealth,  Collected  Papers.  Crown 
8vo.,  6f.  net 

Hopes  and  Fears  for  Art,  Five 
Lectures  delivered  in  Birmingham,  Lon- 
don, etc.,  in  1878-1881.    Cr  8vo.,  45.  6d, 


Morris  (William) — continued. 
An  Address  delivered  at  the 
Distribution  of  Prizes  to  Students 
OF  THE  Birmingham Muh  icipal  School 
OF  Art  ON  21ST  February^  1894.  8vo., 
25.  6d,  net.     (Printed  in  •  Golden '  Type.) 

Some  Hints  on  Pattern-Design- 
ing :  a  Lecture  delivered  at  the  Working 
Men's  College,  London,  on  loth  Decem- 
ber, 1881.  8vo.,  25.  td,  net.  (Printed  in 
'Golden'  Type,) 

Arts  and  its  Producers  (1888) 
AND  THE  Arts  and  Crafts  of  To-day 
(1889).  8vo.,  25.  6</.  net.  (Printed  in 
'Golden'  Type.) 

Arts   and   Crafts  Essays,      By 

Members  of  the  Arts  and  Crafts  Exhibition 
Society.     With  a  Preface  by  William 
Morris.     Crown  8vo.,  25.  td,  net. 
•^*  For   Mr.   William   Morris's  other 
Works,  see  pp.  24,  27,  28  and  40. 

Newlandsmith.  —  The   Temple  of 

Art:  A  Plea  for  the  Higher  Realisation 
of  the  Artistic  Vocation.  By  Ernest 
Newlandsmith.  With  Frontispiece.  Cr. 
8vo.,  35.  6rf.  net. 

Scott. — Portraitures    of    Julius 

CjESar  :  a  Monograph.  By  Frank  Jesup 
ScoTT.  With  38  Plates  and  49  Figures  in 
the  Text.     Imperial  8vo.,  215.  net. 

Vanderpoel.  —  Colour   Problems  : 

a  Practical  Manual  for  the  Lay  Student  of 
Colour.  By  Emily  Noyes  Vanderpoel. 
With  117  Plates  in  Colour.  Sq.  8vo.,  215.  net. 

Van  Dyke. — A  Text-Book  on  the 
History  of  Painting.  By  John  C.  Van 
Dyke.   With  no  Illustrations.   Cr.  8vo.,  65. 

Wellington. — A  Descriptive  and 
Historical  Catalogue  of  the  Collec- 
tions OF  Pictures  and  Sculpture  at 
Apslsy  House,  London,  By  Evelyn j 
Duchess  of  Wellington.  Illustrated  by  52 
Photo-Engravings,  specially  executed  by 
Braun,  Clement,  &  Co.,  of  Paris.  2  vols., 
royal  4to.,  £6  6s,  net. 

Willard.  —  History  of  Modern 
Italian  Art.  By  Ashton  Rollins 
Willard.  Part  I.  Sculpture.  Part  II. 
Painting.  Part  III.  Architecture.  With 
Photogravure  Frontispiece  and  numerous 
full-page  lUuiitrations.      8vo.,  215.  net. 

Wotton. — The  Elements  of  Archi- 
tecture. Collected  by  Henry  Wotton, 
Kt.,  from  the  best  Authors  and  Examples. 
Royal  i6mo.,  boards,  105.  fid.  net. 
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American     Literary    Criticism. 

Se  ected  and  Edited,  with  an  Introductory 
Essay,  by  William  Morton  Payne,  LL.D. 
Crown  8vo.,  6s.  net. 

Auto  da  FA  and  other  Essays: 

some  being  Essays  in  Fiction.  By  the 
Author  of  '  Essays  in  Paradox  *  and  *  Ex- 
ploded Ideas '.    Crown  8 vo.,  51. 

BSLgthoL—L/rsxAxy  Sri/riES.  By 
^iLTBR  Baobhot.  With  Portrait.  3  vols. 
Crown  8vo.|  35.  6d.  each. 

Barine-Gould.—  Curious  Myths  of 
THE  Middle  Ages.  By  Rev.  S.  Baring- 
Gould.     Crown  8vo.,  ys,  6d, 

Baynes.  —  Shakespeare  Studies^ 
and  other  Essays.  By  the  late  Thomas 
Spbncbr  Baynbs,  LL.B.,  LL.D.  With  a 
Biographical  Pre£sce  by  Professor  Lbwis 
Campbbll.    Crown  8vo.,  7J.  6d. 

Bonnell.  —  Charlotte  BrontS, 
George  Eliot,  Jans  Austen:  Studies  in 
their  Works.  By  Henry  H.  Bonnbll. 
Crown  8vo.,  7s.  6d,  net. 

Booth. — The  Discovery  and  De- 
cipherment of  the  Trilingual  Cunei- 
form Inscriptions,  By  Arthur  John 
Booth,  M.A.  With  a  Plan  of  Persepolis. 
8vo.     141.  net. 

Burg^oyne.  —  Collotype  Facsimile 
AXD    Type    Transcript  of  an  Eli/a- 

BE  THAN      MaNCSCRIPT,      PRESERVED      AT 

Alnm'ick  Castle,  Northlmbbrlaxd. 
Transcribed  and  Edited  with  Notes  and 
Introduction  by  Frank  J.  Burgoyne,  Lib- 
rarian of  the  Lambeth  Public  Libraries. 
With  90  full-page  Collotype  Facsimiles  and 
4  other  Illustrations.  Royal  4to.,  £^  45. 
net. 

Charities  Register,  The  Annual, 

AND  Digest:  bein^  a  Classified  Register 
of  Charities  in  or  available  in  the  Metropolis. 
Svo.,  5J.  net. 

Christie. — Selected  Essays.  By 
Richard  Copley  Christie,  M.A.,  Oxon. 
Hon.  LL.D.,  Vict.  With  2  Portraits  and  3 
other  Illustrations.     8vo.,  I2J.  net. 

Dickinson. — King  Arthur  in  Corn- 
wall. By  W.  H0W8HIP  Dickinson,  M.D. 
With  5  Illustrations.     Crown  8vo.,  45.  6d, 

Essays  in  Paradox.    By  the  Author 

of  *  Exploded  Ideas  '  and  *  Times  and 
Days  '.     Crown  8vo.,  55. 


Evans. — The  Ancient  Stone   Im- 

PLEMENTSy  IVEAPONS  AND  ORNAMENTS  OF 

Great  Hritain.  By  Sir  John  Evans, 
K.C.B.  With  537  Illustrations.  8vo., 
los.  6d,  net. 

Fitzwygram.  —  Horses       and 

Stables.  By  Lieut.-General  Sir  F. 
Fitzwyoram,  Bart.  With  56  pages  of 
Illustrations.     8vo.,  31.  net. 

Frost.  —  A     Medley    Book,      By 

Gborob  Frost.    Crown  8vo.,  5s.  btL  net. 
Gilkes.  —  The  New  Reyolution. 

By  A.  H.  Gilkes,  Master  of  Dulwich 
College.     Fcp.  8vo.,  15.  net. 

Haggard  (H.  Rider). 
A  Farmer* s  Year  :  being  his  Com- 
monplace Book  for  1898.     With  36  Illus- 
trations.    Crown  8vo.,  7s.  6d.  net. 

A  Gardener's  Year,  With  26  Illus- 
trations.    8vo.,  12J.  6<f.  net. 

Rural  England,  With  23  Agri- 
cultural Maps  and  56  Illustrations  from 
Photographs.    2  vols.,  8vo.,  364.  net. 

Hanrey-Brooks.  —  Marriage    and 

Marriages:  Before  and  After,  for  Young 
and    Old.       By    E.    C.    Harvzy-Brooks 
Crown  8vo.,  45.  net. 

Hime. — Gunpowder  and  Ammuni- 

Tio,\  :  their  Origin  and  Progress.  By 
Lieut.-Colonel  Henry  W.  L.  Hime.  8vo.. 
gs.  net. 

Hodgson. — Outcast  Essays  and 
Verse  Translations.  By  Shad  worth 
H.  Hodgson.     Crown  8vo.,  85.  6d, 

Hoenig.  —  Inquiries  concerning 
THE  Tactics  of  the  Future.  By  Fritz 
Hoenig.  With  i  Sketch  in  the  Text  and  5 
Maps.  Translated  by  Captain  H.  M .  Bower. 
8vo.,  15s.  net. 

Hutchinson. — Dreams  and    their 

Meanings.  By  Horace  G.  Hutchinson*. 
8vo.,  gilt  top,  95.  6d.  net. 

Jefferies  (Richard). 

Field  and  Hedgerow:  With  Por- 
trait.   Crown  8vo.,  31.  td. 

The  Story  of  My  Heart:  my 
Autobiography.    Crown  8vo.,  3s.  6itf. 

Red  Deer.  With  17  Illustrations. 
Crown  8vo.,  3^.  6rf. 

The  Toilers  of  the  Field,  Crown 
8vo.,  35.  6d, 

IVooD  Magic:  a  Fable.  Crown 
8vo.,  y.  6d, 
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Jekyll  (Gertrude). 

Home  and  Garden:  Notes  and 
Thoughts,  Practical  and  Critical,  of  a 
Worker  in  both.  With  53  Illustrations 
from  Photographs.    8vo.,  los.  td,  net. 

Wood  and  Garden:  Notes  and 
Thoughts,  Practical  and  Critical,  of  a 
Working  Amateur.  With  71  Photographs. 
8vo..  105.  fid.  net. 

Old  West  Surrey  :  Some  Recol- 
lections. With  330  Illustrations  from 
Photographs  by  the  Author.  8vo.,  13J.  net. 

Johnson  (J.  &  J.  H.). 

The     Patentee's     Manual  :    a 

Treatise  on  the  Law  and   Practice    of 
Letters  Patent.    Svo.,  loj.  6d, 

An  Epitome  of  the  Law  and 
Practice  connected  with  Patents 
FOR  lAVBNTiONSi  with  a  reprint  of  the 
Patents  Acts  of  1883,  1885,  1886  and 
1888.     Crown  8vo.,  25.  6d. 

Jordan. — Astronomical  and  His- 
torical Chronology  in  the  Battle  of 
the  Centuries.  By  William  Leighton 
Jordan.     Crown  8vo.,  zs.  net. 

Joyce. —  The  Origin  and  History 
OP  Irish  Names  of  Places.  By  P.  W. 
Joyce,  LL.D.   2  vols.   Crown  8vo.,  55.  each. 

Lang  (Andrew). 
Letters  to  Dead  Authors.     Fcp. 

8vo.,  15.  6d.  net. 

Books  and  Bookmen.  With  2 
Coloured  Plates  and  17  Illustrations. 
Fcp.  8vo.,  21.  td.  net. 

Old  Friends.  Fcp.  8vo.,  2s.  6d.  net. 
Letters    on    Literature.      Fcp, 

8vo.,  2i.  td.  net. 

Essays  IN  Little.     With  Portrait 

of  the  Author.     Crown  8vo.,  2s.  td. 

Cock  Lane   and   Common-Sense. 

Crown  8vo.,  35.  6d. 

The  Book  of  Dreams  and  Ghosts. 

Crown  8vo.,  3J.  td. 

Matthews.— -<Vb^^^  on  Speech- 
Making.  By  Brander  Matthews.  Fcp. 
8vo.,  15.  td.  net. 


Max  Mailer  (The  Right  Hon.  F.). 
Collected  Works.    20  vols.   Vols. 

I.-XIX.      Crown   8vo.,    55.    each.     Vol. 

XX.,  75.  6^.  net. 

Vol.  I.  Natural  Religion:  the  Gifford 

Lectures,.  1888. 
Vol.  II.  Physical  Religion:  the  Gifford 

Lectures,  1890. 
Vol.  III.   Anthropological  Religion: 

the  Gifford  Lectures,  1891. 
Vol.  IV.   Thsosophy;  or.  Psychological 

Religion :  the  Gifford  Lectures,  1892. 

Chips  from  a  German  Workshop. 

Vol.  V.  Recent  Essays  and  Addresses. 

Vol.  VL  Biographical  Essays. 

Vol.  VII.  Essays  on  Language  and  Litera- 
ture. 

Vol.  VIII.  Essays  on  Mythology  and 
Folk-lore. 


Vol.  IX.  The  Origin  and  Growth  of 
Religion^  as  Illustrated  by  the  Re- 
ligions of  India :  the  Hibbert  Lectures, 
1878. 

Vol.  X.  Biographies  of  Words,  and 
THE  Home  of  the  Aryas. 

Vols.  XL,  XII.  The  Science  of 
Language  :  Founded  on  Lectures  de- 
livered at  the  Royal  Institution  in  186 1 
and  1863.     2  vols.     10s. 

Vol.  XIII.  India  :  What  can  it  Teach 
Us? 

Vol.  XIV.  Introduction  to  the 
Science  of  Religion.  Four  Lectures, 
1870. 

Vol.  XV.  RAmarrishua  :  his  Life  and 
Sayings. 

Vol.  XVI.  Three  Lectures  on  the 
Vedanta  Philosophy^  1894. 

Vol.  XVII.  Last  Essays.  First  Series. 
Essays  on  Language,  Folk-lore,  etc. 

Vol.  XVIII.  LastEssays.  Second  Series. 
Essays  on  the  Science  of  Religion. 

Vol.  XIX.    The  Silbsian  Horsbherd 
(*  Das  Pferdeburla ') :  Questions  of  the 
Hour  answered  by  F.  Max  Muller. 
Translated    by    Oscar    A.    Fechter, 
Mayor  of  North  Jakima,  U.S.A.    With 
a  Preface  by  J.  Estlin  Carpenter 
Crown  8vo.,  5*. 
*^*  This  is  a  translation  of  a  work  which 
was  published  some  years  back  in  Germany, 
but  which  is  now  for  the  first  time  translated 
into  English.    It  consists  of  a  controversy  on 
religion  carried  on    between  Professor  Max 
Muller  and    an    unknown    correspondent    in 
America. 

Vol.  XX.  The  Six  Systems  of  Indian 
Philosophy    Crown  8vo.,  7s,  6d.  net. 
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Milner. — Country  Pleasures:  the 

Chronicle  of  a  Year  chiefly  in  a  Garden. 
By  George  Milner.    Crown  8vo.,  35.  bd* 

Morris. — Signs  of  Change,     Seven 

Lectures  delivered  on  various  Occasions. 
By  William  Morris.    Post  8vo.,  45.  6</. 

Myers. — Fragments  of  Prose  and 

Poetry.      Hy  Frederic  H.  W.   Myers. 

Edited    by   his    Wife,    Eveleen    Myers. 

With  4  Portraits.     8vo.,  95.  net. 

Con TF NTS. — Fragments  of  Inner  Life, — Parentage 
and  Education — Hellenism — Christianity — Agnosticism 
—The  Final  Faith— Conclusion.  Obituary  Sotices,-- 
Edmund  Gurnev — Professor  Adams -Robert  Louis 
Stevenson— Lord  Leighton— The  Right  Hon.  W.  E. 
Gladstone  -John  Ruskin— Henry  Sidgwick-G.  F. 
Watts,  R.A.    Poems. 

Parker  and  Unwin.— 71^^  Art  of 

Building  a  Home  :  a  Collection  of 
Lectures  and  Illustrations.  By  Barry 
Parker  and  Raymond  Unwin.  With  68 
Full-page  Plates.     8vo.,  105.  6d.  net. 

Rossetti. — A  Shadoiv  of  Dante: 

being  an  Essay  towards  studying  Himseli, 
his  World  and  his  Pilgrimage.  By  Maria 
Francesca  Rossetti.    Crown  8vo.,  35.  6rf. 

Russell. — The  First  Conditions  of 
H  I'M  AN  Prosperity.  By  the  Hon.  R. 
Russell.     Crown  8vo.,  25.  bd,  net. 

Sena   Ludo.      By   a   Dilettante. 

Post  4to. ,  55.  net. 

•^*  Sketches  and  Verses^  mainly  reprinted 
from  the  St.  James's  GaMttte. 

Sbadwell.  —  Drink  :  Temperance 
and  Legislation.  By  Arthur  Shadwell, 
M.A.,  M.D.     Crown  8vo.,  55.  net. 


Sherston. —  Tactics  Applied  to 
Schemes,  with  Numerous  Solutions  to 
Tactical  Schemes,  and  14  Maps.  By  Major 
J.  Sherston,  D.S.O.,  the  Rifle  Brigade, 
fate  D.A.A.G.  for  Instruction,  and  Major  L. 
J.  Shadwell,  Lancashire  Fusiliers,  late 
D.A.A.G.    for    Instruction.     8vo. 

Soulsby  (L.  H.  M.). 

Stray  Thoughts  on  Reading. 
Fcp.  8vo.,  cloth,  25.  td.  net. ;  limp 
leather,  gilt  edges,  35.  6d.  net. 

Stra  y  Tho ughts  for  Girls.    Fca p. 

8vo.,  cloth,  25.  6d.  net ;  limp  leather,  gilt 
edges,  35.  6d.  net. 

*,*  Copies  of  the  Original  Edition  can  still 
be  had.     i6mo.,  is.  6d.  net. 
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Soulsby  (Lucy  H.  M.) — continued. 

Stra  y  Thoughts  for  Mo  there  and 
Teachers.  Fcp.  8vo.,  cloth,  21.  6</.  net ; 
limp  leather,  gilt  edges,  3s.  bd.  net. 

Stray  Thoughts  on  Character. 

Fcp.  8vo.,  cloth,  25.  6<f.  net ;  limp  leather,, 
gilt  edges,  35.  bd.  net. 

Stray  Thoughts  for  Invalids* 
i6mo.,  25.  net. 

Southey. — The  Correspondence  of 
R  OBFR  t  Southey  with  Caroline  Bo  wlss. 
Edited  by  Edward  Dowden.     8vo.,  145. 

Stevens. — On  the  Stowage  of  Ships 
and  their  Cargoes.  With  Infonnatton  re- 
garding Freights,  Charter- Parties,  etc  By 
Robert  White  Stevens.    8vo.,  215. 

Thuillier. — The  Principles  of  Zand 
Defence,  and  their  Application  to  the 
Conditions  of  To-day.  By  Captain  H. 
F.  Thuillier,  R.£.  With  Maps  and  Plans. 
8vo.,  125.  6d.  net. 

Turner  and  Sutherland. — The  De- 
velopment of  Alstralian  Literature. 
By  Henry  Gyles  Turner  and  Alexander 
Sutherland.  With  Portraits  and  Illustra- 
tions.    Crown  8vo.,  55. 

THE  WAMPUM  LIBRARY  OF  AMERICAH 
LITERATURE. 

Edited    by    Brander    Matthews,     Litt.D. 
(Yale),  Professor  in  Columbia  University. 

American  Short  Stories.     Selected 

and  Edited,  with  an  Introductory  Essay  on 
the  Short  Story,  by  Charles  Sears  Bald- 
win, A.M.,  Ph.D.     Crown  8vo.   65.  net. 

American    Li  tera  r  y    Cri  ticism. 

Selected  and  Edited,  with  an  Introductory 
Essay,  by  William  Morton  Payne,  LL.D., 
Crown  8vo.,  65.  net. 

American  Familiar    Verse.      Vers 

de  Socidt^.  Edited,  with  an  Introduction 
by  Brander  Matthews,  Litt.D.  Crown 
8vo,  65.  net. 


Ward.  —  Problems  and    Persons. 

By  Wilfrid  Ward.      8vo.,  145.  net. 

Contents. — The  Time-Spirit  of  the  Nineteenth 
Century — The  Rieidity  of  Rome — Unchanging  Dogma 
and  Changeful  Man— Balfonr's  'The  Foundations  of 
Belief* — Candour  in  Biography — Tennyson — Thomas 
Henry  Huxley— Two  Mottoes  of  Cardinal  Newmas— 
Newman  and  Renan — Some  Aspects  of  the  Life-work 
of  Cardinal  Wiseman — The  Liie  of  Mrs.  Augustus 
Craven. 

Weathers. — A  Practical  Guide  to 
Garden  Plants,  By  John  Weathbrsv 
F.R.H.S.  With  159  Diagrams.  8vo.,  zij^ 
net. 
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